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ATIEAE

(=fE FER)

XN THEERNEG L (sequential) EF, FRATAKEE KEBHEER, BREHR
BARNTE, GAEEREY. 2837, BE i, HRERESRIS .
HESEAREBAMERTHE, FRAREHEE - INEE, AEFHE -
SBEE] B — L KA.

{ERX TR MEX % (Object Oriented) EF, HITERKLT. THHA, X
MEBEEHMFRLEN (BFR) T RKSHRS. WEER. BUER. B
PRI AR, B FIRBEEIRMNAE - SFIM R (SE8%) , §
REND KRN SHERNE, WHESHERE. AREETS BRI
objects #niHMBa, Mk~ EHFWMERE, FHREX sizeof LR KL M,

FEFLOEL-—EEHIMEE: HBNEFREMNIER, SEBERT —f—
TR ITREREL, B4 00 (HEMXR) IESHEY BN X 4LHE
WE? A—PEERA, B J9E KR polymorphism (£7) , HIEEVLEILZT & 402
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IRERE C++ XTREIHR (Inside The C++ Object Model)

INRAT R FRNBENITER CH+ RS 7 AF, XL 2K T #F

RABRRTHEAREEAMOELES. RENFACRE Crt 54
R RMREFR SR 44

X A A5 [l B B R BR

HAEEE (component-ware) FEANF M Bk, RE 48

¥~ COM (Component Object Model) 3 CORBA (Common Object Request Broker

Architecture) , & SOM (System Object Model) , T % C++ Object Model, ¥
HIREIFERMGFHGF (components) Wit EAMES SN HZE. AMEBEHCOES
3 COM HiE R A MBI, Essential COM (COM ZEJRiE, BHEE, &
g 1998) HY{E#E Don Box t7EfhA)-HH#ESE Lippman X — S 2 BEPE .

TR, XYRASE AR HFE. KEET (Flan3 . 4 WE) algeR ik

VAR ER—F R

—Tl

frore=t-

XTI,

UL A e 5SEENRR. REEY (Fans .

6. 7=F) AlREWHRIREE RS —w TIRMERE. HUFEPIRE. XL
RS, RS 2RIFEHa OHEERE. TIe], BAEEIRNIFE,
IEXAERNGF BB EL AmAT, SIRKNIRCH REMENHRARZ £.
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HEE: FXEEHERKAINA 80~90 1EiR. BRI KHE, B RYXT 5L
HRIEEE (MR XA ER—H. AXSREMATSR—H—EZE
MEBE RN XFBEARAER) . REEF 0E (FEFNE) JIHERBINKE
Bk . WA, REGSRALSESEHAZAHINE, BREXHENT. X4
BARERRE, WARAEEH 4. RABFEEESEEF I H G F XA
EF, RCEBEEMELXR, lREENEESRITETNREFRET. 577
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S Z A, REN/RELEE (Bell Laboratories) H & F C++ B

WAEF. ZWHK TIERFE cfront £ (Bjarne Stroustrup B — 4 C++ 4Ri%
av) , M 1986 FFRY 1.1 ALE 1991 £ 9 AN 3.0 i, SR/ F] Simplifier (X £

BTN AR ML) , W E Foundation TRE P H C++ MBHERILL. 7

Simplifier % it¥

rﬁ] y ﬁ)

AR X A .

Foundation M H &£ f+-A4? & Bjamme PR T, NRIZBEHK—N/NAE
REL C++ ERRHEEF R o 8 F b B R A 0 2 38 . Foundation JiH £
ENHNTHERREME IENN— M IFEREE, RNIEH c+—, HRE
RHETHBRETR. XEMSAMBEN I, —FEHEENIHES, — )

H &A% TAE{K#: Bjarne. Andy Koenig. Rob Murray. Martin Carroll. Judy Ward.

Steve Buroff. Peter Juhl, LA &3 H C . Barbara Moo BERI1:X — & A (Bjarne H
Andy BR#M) . Barbara Moo #U4E H — MNKAERIRA, BLEEH —BEH B 3% .
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BHE C++ WRHA (Inside The C++ Object Model)

N

F A1 Foundation 2R — 0, 18 LT,
CH AR, BB AT HEA UNIX 2 Smalltalk BE . FET

JZER1

HE AT LLafE & 8

it —

KNHEERHA Grail (EHFPEREEHBRENFAER) , AAZEE HEM
K AFREI !

Grail {#/H—1

Rob Murray &R iK%~ ALF BHEEXTR)

i,

B E
T (HEAN type checking. simplification. code generation) LA

NS

S —PNAKAR. DUEEMEMN RIS, £ Grail B, FE45IF B R

BRI A AT S parser MIAEVEFHN ALF £ . He 68—
CH (2o

browser) ERERFFRY— 1> ALF FRIE E84E GERTEEMUYE) . Simplifier £
YiF Ry — &4, 4T type checking 1 code generation Z[f]. Simplifier X4 %

PR

Bjarne Fr{BXH, EEAER cfront B— M EX (phase) .

£ type checking Fl code generation ZZ{A), Simplifier #f+42ER? =

BRAEKREFEI. A% KRR X R R R 5 E B

1. 5%FEHEEHXHH#H (Implementation-dependent transformations)

XESHERFFBRNFESR. T

“tentative” nodes. H{AN, 4 parser FEX P FiER:

fct ().,

1K ¥

- ALF ZF, XEERERNEFBEAN

EHARERES (a) XE—TRBARBRE, BF (b) XR overloaded call
operator 7£ class object fcr ERI—FW . BRIAESR T, MR FRRAEHRE -
RBEH, BEY ) KMIEABIE, Simplifier REBEEHE#H call subtree.

2. HEE BB ¥H (Language semantics transformations)

X FL§% constructor/destructor B & AP & . memberwise ¥4k . Xt -
memberwise copy HISCRR. ERFILH 4 conversion operators. AT 4
DL KXt constructor/destructor HJiE FF .
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3. AR HIXIRZBER K ¥ (Code and object model transformations )

XAFEXT virtual functions. virtual base class F inheritance BJ—#& XH¥. new
M delete BHAF. class objects FTZH A $EH . local static class instances. #54 E
HEFIAF (nonconstant expression) Z global object HIBASWIIELEEME. Fxt
Simplifier FTALKIRI— - Hir: /4T EBERER, E£HP, SR HLHL
— T EED, XIFEMXTR R .

| -

RO RN RME T A BREM. XERESRBE IEIFSETET
58E? AR, BXWAR! XABEH-UHERRITEFENPER C++ BE
RER. BRBREXFBEREMMREE, BFERAMETH Cr+v WRER, 3
LG H E B A SR M e T EL L B A R B AL RS

.8 C++ NS

AW TSR LIBE Cr+ X RER

1. BT P H R @ &8 F i #64
2. X% FP SR A R 2 SCBLML A

IBE EHAIR, MBETRY C++ Primer —HBURETHE Cr+ HEW
B RTEZAERE, WLEAREE TE/EMEm+H R, 24F [ELLISY0]
[STROUP94] A — k2 0. ABFTEEFTF C++ WHRBRNE — /M
& ARETEE C+ BRET 1995 £FLWPiEHH Standard C++ B X
(BR THREMY, INERNIZEB KM IZESHRLREE) .

Cr+ WHRBRBPE -~ MESR M FZER”. #1801, C++ class WEHE virual
functions TE4IFHTHIME E TR T, BIFRBHEHEEPITRHSH A MR B4 &
PR XEBELAAREBUARENIRE (dispatch) B2, fH KL
W 2 PRAT Rt
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MR ELINE, £ESERLLEEAHRKN—EREARNRER D
EEASADMESEFEEII N (FiFds) KR EXHRERIBAR. 610, virtual
function calls, —f&M T 2#EL — &M (HNEF virtual functions Hik) HIESIT
BRI, —EEMF AWML virtual table 15? K, &RiFHITUBEASI#HFHEIT
fAIAREME: . INEMEA virtual table, HAKME. FRAFE. ARV EEH
THTWELEE TR, MAAAREHHEE ML (4HiFs) BITRE.
A, BARUEIXE, KRBTGS GIFIR, HAErA%iE8RxT viral function
I SCH B AR A1 class /&MY virtual table, K/NEE, H BEBRFEHATRT
BEF T .

R C++ XRBERIRTREIHIHF RIRAENL, BAKRATRES R MogEide
Te? TENHEAR, KWLREFR, UR-ITEFATHREEHER, ik
REBEHHREEENRE, BELHEEE. —MPARNZHABNFR, SHES
FrERIMBE R, A#E "[R4 —1 copy constructor AT REE” | xK
] B 1%k B TRNE SXF T X RER T4

EXAXFHBZABEAR I THBRENXN T C++ B8F (REME R R
XFF) HEMERAR. THO-EETRERKIIN - #1E, REEFEH C++
SIEHFEFFIES

B —FA—BIE, i1 EREET (EELABRR) C+ M 00. H
F-NTREIMM 1985 FRFHBE C T, MEIMIAN C++ HXFTEFLE user-type
RFAHA, X server BIFAREA, i RES — MRE T A B R KIEE
S8, NWiZ@H C MaE C++. fiihl C++ X RZ.

C+H IARFARREMBEARIGER, BREAXLUFERN C BFERAH -
HiR. R, KREXAUHABUBEAGR, ARBEXHARIRE C+ 1 ‘RS
N7 o XERHREERIOTAERH & R E K Object facilities (1 inheritance.
virtual functions. #§[8] class members AJFE4f: - - ) B sk BIh sy N 2
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b TR ARBXIEHG, BT FHETFLS HP 48]0 Steve Vinoskis JCHI]
Fw STt C++ R RS. LLT Y s E AR

i ERERNERESHRMEFHRUNEE. TEHAT, ILFEEET
N C++ HEXHAZRRRZTH. RELE, BAN-—HARD, bE—F 1C #)
BRFE, MR CH, Ay EERNTRBEE" . RYeLEEI],
FRAEBEMK THE, C++ B malloc) F free() MALLEFRAN. XX
RABEN. XE-MABHEABSEER, 5IREEUTHROBRENFE -

EMRBEMEREZ R F 8, FEAR, 28, UERFZEE. C+ 1Y
ITmEMHFS 0N, ERRNEREFR, ITRTHRMEHEYLE.

KERCEAFHER BN - HEERGHEAE. B, XFEHE—HE
R E, REBAKXEZRESE C++ MANRESEU.

IR CH++ MR BRBAEEVH A NI S (GRiES) FnHE 82 s A<
[, FKAMTEESE X TAEM @ TR A — B piTigR? AV 1 (Static
initialization) B] b L3 it — 5 8 5 61+ .

EH —1 classX FF constructor, RiXH:

class X

{
friend istreamés&

operator>>( i1istreamé, X& );
public:
X{ int sz = 1024 ) { ptr = new char{ sz 1; }

private:
char *ptr;

i

i —~~ class X [ global object BIEAH, X #E:

17
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X buf;

malin {}

{
// buf LIRS R

cin >> setw( 1024 ) >> bhuf;

C++ XTRBEIRIE, X constructor YTE main() ZRIETE buf WAL . R
EHEEWRXEIMTHE . EXEMERNESMEEI (static initialization)
SRR N A# T RIRE XN SR T — E4%.

BRI cfront SEMmAERARBREEAREIR, EEREREFHRYE 5
FE. R BRENTEME UNIX REMALY -S4k, RI0\BLZED
AR EFEE UNIX 5L &MEH om 4. CC 4 (—4 UNIX shell
script) A —NAPITICH, RERIHE am BITTFHRELE, EE-1NFK ¢
XA, RIEFEXTH c X, BEHEEE -NTHITXH (XHEFE
) munch solution) . XA R UG IZIFATIE R HFEMEY.

BETRERG - FERFE” BRZE: BERIEHFH COFF-based 2
FREI AT ST X (BRBTIBRY patch solution) , REFEE nm. compile. relink. COFF
J= Common Object File Format HJ48%, & System V pre-Release 4 UNIX RZEFT
AR N. IFEHBRRTRBBETEFED, WRE R, 4XNEg-1FE
RSV ¢ XU, cfront 7R~ st B, ITLENVIBLERE.
A& patch solution B Z munch solution, #FBSEFHREL st FLWEX, FH
LHEMNU-FREELHRFPITER (ZHEZEE main) ZBEE—TH—
4~ library function _main() $ATZ) GFE: AHE 6 EXTLAIEMEH) .

System V COFF-specific C++ Zgi¥s% 5 cfront B MEAFEITRE. BT
T — T REFSHRFCRIERSE, LM IEHRAMES LIS YT B
g AR PR inisection, BLINEEFERASVBILE objects. FEBEATH
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XY A, BT IER environment-based solution, HFXHMR T L

based solution EIXZ L.

- program-

Z I, fEf[PL cfront program-based solution NIERNAK — L (J2R) #/EH
SARB. WA B o BERNERES, CERBRTEEFELN
environment-based solutions. X< Fun{ef 4 13- H B B EHVE? FKRAFE T - sk

=

EARRY C++ FwmiFsx LA REAKLABARER, KMEDIHEWAEE. B0

B cfront ZEH4ESRLRT L EEOE cfront ERMCHEBAEE, Hanxt

KETA 8wt SE P an L AR FT L

KBHAHER

AR SR, IRABREADEREA. BRUEB "EHEER i, BOE
B Stroustrup WYRIAMAR (RRMFE cfront & L) , BERME—FFZHBERL, 1

— AN
L 7

F1E, XTXR (Object Lessons) , UM R IEMAMNEET R, UE
C+ MR X R P8 7E (paradigm. 1%iF: X F paradigm XPF,

BE2EAH #22 THFE) . 2EEEMN TXHEERA X%, 8B a7
BRI, BERAXN ZEHRAEUMEATRKEEHNE (FL5%E 3 EH

54 ERELIK) .

% 2 B2, WERPIEEF (The Semantics of Constructors) , ¥40iT1
constructor ANl THE. AEiRZE] constructors {JIT ¥ 4RIFRESR, URBIKRKE

11y

FF R R R AT AF

HIE X.

FIEZFE S EEFPRNEESM. EXE, BIFMARITLT C++ MHH#

BRI 4E3T7 . 58 3 B, Data 15 H ¥ (The Semantics of Data) , 71 data members K

. 5 4 F, Function IEE % (The Semantics of Function) , &%

L

FaEA%

——

H) member functions, F%F FUTEMAE IS 0T X+ virtual functions. & 5 2, #
. W, BIEEY (Semantics of Construction, Destruction, and Copy) , i
I SZ R class #E), Hi1i6 %] object WA, 5 —ZEHE DR/ B M

oW g A - - ey — - - e = s s m e P T N T R § SEe oS s ey e vy vl = [e—)
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AR . FRATIXT R 3 ) TR 8 SR A SEFR 4 R L 8L

o B, HATHHIEREY (Runtime Semantics) , KM HITRIN S 46 31 2 4 7Y
T8, BHIEETREOERLEXT, IR new B FH delete B XL

BTE, EXNRERK RN (On the Cusp of the Object Model) , E7F

exception handling. template support. runtime type identification.

PE S

XARFAUHREAXEHMNAL, AEEEMEPRULE C+ BFEA,
maE C++ #HF. MEFREREBHNAE, T ERBHEEMNES C++ ERE (Fln
EFAIKH CH Primer 4 —HLFREER) WAER. HEMNIZER, Y245
BHEH C++ BFER, FE# L TH "KEMEMFLE WA, HhHEss
TEENT CH+ BFERAEARSH, tinmeHEXT £ 8= 4, IR named return
value (NRV) IRERIATHSE. ESEBEMHRNE M FEIZE S, RO
Z UL T X AR R T 1.

ERECHNERT

FEHNEFOUAEZETHABER:

1. ATHRHEBPRFRN C++ R BB LS HESWE &K,
2. AL, DAWIE S FPIE S MR A A

i —MER, BREATRERAMNEZERE. 25N, BRARERPE K
BRI%G), HEIFER N —PESH 3D graphic library L01LL BEHIZER G 73k
RI—1 3D K CRIEREATE [POKOR94] & BAVEE Pokomny BIHHTEIX 4
%) .

20
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o B A 0 MR FE R 3R 7F — %B SGI Indigo2xL L 4giFHAT, #H SGI 5.2
UNIX BIERZZHH CC Hl NCC #4iF8F. CC £ cfront3.0.1 JR(EL4EH C
g, BH—1 C wiESEFIFFENTHITM) . NCC &2 Edison Design Group
f) C++ front-end 2.19 AR, W& —PH SGI #MHFEFREEER. £ TodiEm
B, 2R UNIX B timex @2 EF%F—F 0 vk A By 18 /9 F 2946

BRE xL P8 LE AP EIFSR, NiZTEMS e Ba L, A
w/BNAEBHE RS, REF. AiEE cfront HIFEH) Edison Design Group's
C++ front-end (Bjarne ¥ H N “cfront WL+~ ) , #MEFE LK. €112 —Fb
— AR didds, HBEANS 34 UL LRI ENHER (AP 8% Gray. SGI.
Intel) FIRKHH RIFIE] & (B Centerline #1 Novell, FERE LK UNIX %
B =) ENWMBHFEITIHIUTH LS REFRLHITIEL, MR
BN THRAM CH+ NRERZEFFEN — T EANE. ZTIFLR
BEYE, WA AR F AT — At RV S ERIT R SRR SR IR E.

]
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BB INTAL & Fb explicit (BAAHITF C++ BEMARE) F implicit ([T &

FRIBFER) B C++ BE.
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W CH+ BFET, XURE —FiLHE KT BH4ELTH.

C++ ZFWE. —FALIET ABLER, OO WA . 5 —F AR,
X TS W FRVLE, WN4mi%a84 A E default constructor B . object KN TEM &
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SR, XER T ERAE. ERHELRE -

TR, ME-BIFHER. 452 R LR .
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HERETHBRRE & (R , A mamer” .

R LA B B 2R 5
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- KHEEFEINEFLR AL EE TR AE (ETHRAR B
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BOE R (FENE)

LR, FEPEFEZBER, WM, EAASHERER

. HEIRHhES &R

E, AARaH T SN ABRE.

THEABHIAWFE X ZE (FFEHF) RHEX:

access level

access section

alighment

bind

chain

class

class hierarchy
composition
concrete inheritance
constructor

data member
declaration, declare
definition, define
derived

destructor
encapsulation
explicit

hierarchy

implement

implementation

i~ e TR S T WA ——— ¥ e R T B W e e e o I T T T e e T B el i o W m nWE 5

| i | ~rhy -
|

lalgk. BJE C++ B public. private. protected =FE

ViR X E . Bl class Y public. private. protected =¥
B

MRFEE, BEEEE bytes EH. HEREUARR BV R
M. #lI0 32 VB ERER 4 HEFH

HE, FEFTFREIMTTSEEME (RiIY) BBt b
o i

K

class KR, class BIRGEW

HE. BEEME (inheritance) —[FitiE

HAEGE (HHXTTHRGR)

‘E w .'--..I '.- i [ L |l: o -|II|
ZElEy, (M) HE W

416 pR 3L
PR (RSN member variable)
j=k:);]

X CEFWHEAFRPE-ILZTH" MTH)
RAE

51 oR 2

3

iR GE¥E C++ EFARTHBHIERN)
k&R, BR&EH

E (Fhid])

SCH . EIY). ZPBEREE C HiES. KIROHE
F:+5 class member function BJPIZA
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REHE C++ XXRBEE (Inside The C++ Object Model)

=S . e La gttt

ot V- 24 1A]

implicit
inheritance
inline
Instance

layout

mangle

member function
members

object

offset

operand

operator
overhead
overload
overloaded function
override

paradigm

pointer
polymorphism
programming
reference
reference

resolve

slot

ey oy e ol — R 1 e, QLSRR TE ——

h X G () REX

B, BRE GEMIERBIVE Crr BFRTHE)

4 7K

MNE (C+ B — P x8ia )

SE (FERHFEENRG” Bks, RAZS)

i, ZHEEHIAXNTF, BEFE object ERFFRIBED
A 1 O

ZFUIFEH (C++ N TERBAFFE—FLEHE B )

AT BRI 3. IRENHEFRCY function member

A, 1Z¥8 data members A1 member functions

MR (R class BB 5E AR — 0 & B A FF R SE 4 )

(L EE A

BRAE Y

12 H A

gsb i (EREMET, TSRBHEAEA)

59
PR3

&% (X virtual function B E i)
g (F2% #22 )

et

Z& (“HRNRT &
BIFiit. BFi
2%, £/ (3hig)
CH K & BRFHAERNEKRE. SELARK

. RBOE A EESHITH - RE, RS S5EH

SEERTAERE. INRREA func) TISHZTEAE func)
SR, M I “unresolved externals” SEEEER

ZHRPH—8 (— 1K) 5 F1: &£H; £

Ll

Ll
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Rl

LRH—TMER)
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_S_u;;l;;_ e %iﬂ R R Sy e

type KR, K5 (FEHR int. float FHBAERI, 3 C++ classes
FHEERRE)

virtual B

virtual function KB L e &Y

virtual inheritance 2 $oL 408 7K

virtual table Bl (REBBRVLHIMIR TR -, AR virtual
functions BYHtAL)

ARNEERI ETXHWER, OXE—-2HE, EFS5RFEZE, RS
FARBIERE. BI0, WX “pointer”, MLIFHN¥EEH” , BEHTRHEXW reference
FHBE” (SEEARNER) , FRIANRECR “the manipulation of a pointer or
reference in C++---++", JTHENFXFH/IEZN, RALHEEIEIC++ 3t
T 18t F reference HJBEAIEFT R - oo T, BEERNCH PXF pointer
reference BJBRIEFT H-ere "

Fa
BHRA—-EFE. KHMFE, NRSERE, SHREBRERESZH,
BER. BREFE, WHEREZHEBRTEXENEETE (B, FExR) .

[R5 TER

XA BREFMERE, HEN™EENRER! FR Lippman Bk UTHLL .

BTEERBR" TR, HBEHGKE, ST -4 ; 2, L&
ZT—1 %, JELPT -1} 5, SRET7T -1 ) #E2%%. k™
Hmik, BREFRBERSHRRRBEHN class BRETFHNARAR -, &R
ZERFHXT object ARMEE, SRFREFHHER—B. AFHHEEHEL
FFHEHAERZENLOH.
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QEAHRRANER, HEFERBE. UTEHREESIE.

& R¥l: L5 FRE

mem _—

p.35
p.57
p.61
p.61

p.64
p.78
p.84
p.87
p.87
p.90
p.91
p.92
p.92
p.93

p.92~
p.94

p.97

p.99

p.100
p.100
p.106
p.107
p.108

30

BR—17
HHEE T
L1

L10

==l Ep gt
& 3.1b LA
L-2

£ E4
3.2a i BA
3.2(b)

B L-7

g L-6

& 3.4 {581

& 3.5(a)
A 3.5(b)
[-2

L16

L10

L6

e el

s 5 17, L-9 RABEEE 9 7. MEHAARNESHIE.

== L

struct Point3d

virtual... BFEABEERD T —1;
pc2 2 (AFFEaEAEN)

Vptr placement and end of class

__vptr__has_vrts

class Vertex2d

public Point2d
Vertex2d WX R &
S 2B, WERBAR

public Point3d, public Vertex

HE5HHEFRIEELARF
55 PP AN EZLARR
7pvid+.. EET 1)

ptid::y

& 3d_point::z;
& 3d point::z;

RS R AR o
Bashful(), Bashful();

1.32.36 1:32.36

memcpy.. BEFABRE LT —1)

Shape().. BFRW&ia > 7 —

T3

ErEABEEZT—1 ;

— IR =

class Point3d

pcl 2 (FFEMBEN)

Vptr placement at end of class
__vptr__has wvirts
class Vertex3d

public Point3d
Vertex3d XTI R &
E2FE R

A& 3.5ab, WIAEKTFHN
public Vertex, public Point3d

B2l
EefEid

pt2d:: vy
&Point3d::z;
&Point3d::z;
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int Derived::*dmp, Derived *pd

el vn B

s RXiA
int d::*dmp, d *pd

p.108 L-6
p.109 LI d *pd Derived *pd
p.109 L4 int b2::*bmp = &b2::val2; int Base2::*bmp = &Base2::val2;
p.110 L2 AR E LR £ pt3d B~ Point3d
p.115 LI magnitude() magnitude3d()
p.126 L12 Point2d pt2d = new Point2d; ptr = new Point2d,;
p.136 K&l 4.2 7 F Derived::~close() Derived::close()
p.138 L-12 class Point3d... ®g > —1 {
p.140 ARG BAESXFEHH class B — AR pt3d 2X8 Point3d
p.142 L-7 if ( this ... FFRABRAHAD—
™)
p.143 FEFHE BAHESXFHE class A —H AR pt3d 24 Point3d
p.145 L-6 pointer::z() Point::z()
p.147 L1 pointer::*pm{ Point::*pmf
p.147 LS point::x() Point::x()
p.147 L6 point::z() Point::z()
p.147 B L-1  BEFABERERD-—-T)
p.148 HE LI (ptr->*pmf) R¥EEFE L —1 ;
p.148 R EERY L-1 (*ptr->vptr].. REE/GL—1 )
p.150 FEFAHS BEEXFPH class A —B AR pt3d B~ Pointdd
p.150 L-7 pA. vptr__pt3d.. ®migb—1 ;
p.152 14 point new_pt; Point new_pt;
p.156 L7 { }
p.160 L11,L12 Abstract Base Abstract base

p.162 L-3 Abstract_base BR¥ gL —1 ;
0.166 , 1§ L3

p.166 H, 5 L4

Pointl locall = ... Point locall = ...

Point2 local2; Point local2;
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e en Y I T S ¥ T

p.224
p.224
p.225
p.226
p.229
p.232
p.232
p.-232
p-232
p.233
p.233

p.233
p.253

T, B8 L5
L, 8 L2
T, A5 LI
$, % L1
FF, B L2
B, &% L3
T, B L2
T, #% L3

Line::Line() & ¥ &

Line::Line() ¥ EE £ T —1 ;
Line::~Line() B8 EREZ—1 ;

Point3d::Point3d()
Point3d::Point3d()

y=0.0 ZH[BR> float

bﬁ& /> — 4™ return
const Point3d &p
ikt /> — 4~ return 1;
new Pvertex;

nw(5*sizeof(int));

// new ( ptr_array... 2T

I

b

Point2w ptw = ...

operator new() EREE X Z—1 ;

Point2w ptw = ...
Point2w p2w = ...
c.operator—=(a + b );
X XX;

XYY,

struct X _1xx;

struct X _1yy;

structx 0 QI;

structx 0 Q2;

if FHEANBEET —1 ;
foo() REEmBEEZT —1 ;

ol

PVertex::PVertex()

PVertex::PVertex()

const Point3d &p3d

new PVertex;

__new(5*sizeof(int)),

Point2w *ptw = ...

Point2w *ptw = ...
Point2w *p2w = ...
c.operator=(a+b );
X XX;

X'yy;

struct X _Ixx;
struct X . lyy;
struct X 0 QlI;

struct X 0 Q2;
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ANERARXT A H 4 (software component) WA MR, C++ Jt2 AR 1 8B 43 (&
VRYTEEFUBR 3. IR . BEIBEOABRBBRTHHFAR, RENTFE/ Cr+ =
AT RAIEFZE B BHZB IR,

KA BEXERE: 2K/ C++ programmer EF iV iZH BixA S

RIS COM BN, RUWBERNHEZRGEEF R —AH: Essential COM.
Don Box #, Addison Wesley 1998 i (COM Z<fFit, tREEI®, HiE 1998) .
XMRB—FRREEFLENEE, £ COM Ml (HHAZE COM. Wi
H COM)LIEFF R 7 AR B EHERZ, RERMELIBEEN -4 COM #=
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2.1 Default Constructor B & #J¥E4E

“HA Default Constructor” ) Member Class Object

“#7AF Default Constructor’ HJ Base Class

“#F — Virtual Function” B Class

“WAH — Virtual Base Class” B Class

ISR 5

2.2 Copy Constructor [F3E#H#4E

Default Memberwise Initialization
Bitwise Copy Semantics (L 2K 1)

A Bitwise Copy Semantics!
HEHZE Virtual Table FIFE4T

4 # Virtual Base Class Subobject
23 EF#E#HIEEY (Program Transformation Semantics)
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4 TR Virtual Functions

4.3 ERBHIREE

4.4 5[4 Member Function HJ¥8%f (Pointer-to-Member Functions )
X #f "¥5M[ Virtual Member Functions” 22 $54t

ELHMYPEAZ T, 81 Member Functions [K$545t
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S B & (Local Variables)
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/178

/ 180

/ 182

/ 185

/ 186

¥ S i - - s £ e e AL : - : - : .
BOF Mim. BEE. B iBFS (Semantics of Construction, Destruction, and Copy )

2 E Lok BB FF 7L (Presence of a Pure Virtual Function )

RE U A% BIFFTE (Presence of a Virtual Specification )
A const MBELE
i:%?i%fé class A 75 B
5.1  Fo#ERIFBL T BT 8 4
R B IR (Abstract Data Type)
Rk R A HE
52 HEER TR S M

4k (Virtual Inheritance)

il

vptr F1EEHIEE ¥ (The Semantics of the vptr Initialization )
5.3 XREHIIEEY (Object Copy Semantics)
54 XTRBIIIEE (Object Efficiency)

5.5 MEHNERE¥ (Semantics of Destruction )
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HATIHIE R 2= ( Runtime Semantics )

XT 8 R E HIRE ) (Object Construction and Destruction )

2 RXT % (Global Objects)

o

R HRFR ST ZR  (Local Static Objects )

TR EH (Array of Objects)

Defaul

t Constructors F1¥r4H

new ¥l delete 18 %

XA new 1EE

Placement Operator new [ 15 &

IEEFEXT SR (Temporary Objects)

i B 44

VETEXT AR B 285 (On the Cusp of the Object Model )

X RAEE (HE. FH)

Template

~

Template By “EBL” 174 (Template Instantiation )

Template %512 & (Error Reporting within a Template )
Template H

Member Function FJHIATH (Member Function Instantiation )

FH AL (Exception Handling )

Exception Handling R 3 4 5]

%I Exception Handling #Y 37+

HATE

ZLRIiRH| (Runtime Type Identification, RTTI)

Type-Safe Downcast ({FiF L2/ [0] FEERI#E)

Type-Safe Dynamic Cast ({RiE% 2K EhA55ER)
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WEBE Ct+ XITRER (Inside The C++ Object Model)

7.4

References Ff A~J& Pointers
Typeid ZHAF
WMEFT, YW

AL EHE (Dynamic Shared Libraries)

LB RAFF (Shared Memory)

] . ) . —— —

bbs.theithome.con

/313

/314

/318

/318

/318


http://bbs.theithome.com

\pir

515 X TXZ% (Object Lessons)

RTXTZR

(Object Lessons)

T CESYT, "HE"H

JER AR RFHER (procedural )

EHEBERRE (RED) T BT RAEBRL.
WRLEY, BEFSHEAE L "BIEMER ZE KB, RIMEXHEF

HI— 2 ST A LL T B % 5 ) o B

MR EFTIKE), B4 38 A2

struct Point3d, 1#iXHE.

L [a] By AR TR 3

typedef struct point3d

{
float x;

float vy;
float z;
} Point3d;

h

R BANEF, REATAE -

WATEN— > Point3d, TJRERRTRE X — MUK RERY R 4K

void

Point3d_print( const Point3d *pd )

{
praintf (" (%g, %gq,
}

3g )", pd->x, pd->y, pd->z );
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¥

FIRE C++ SRR (Inside The C++ Object Model)

-

NE, MREFHAHER-L, BEX—TE:

#define Point3d print( pd )_l
printf (" (%g, %g, %g }", pd->x, pd->y, pd->z );

] HEER R 5 AU B A1E -

vold
my foo ()

{
Point3d *pd = get a point():

/* HEFTEPH point ... */
printf (" (%g, %g, %qg )", pd->x, pd->y, pd->z );

AEEEE, X apRrELbeE v DL E B
Point3d pt;
pt.x = 0.0;

B a] PAzg iy — 1~ 60 B 4 3 5K ok 52 A

f#define X( p, xval ) (p.x) = (xval)};

X{ pt, 0.0 };

¥ C++ P, Point3d HRIEERTEAE "B HIEKXA (abstract data type,
ADT) ” 3.

class Point3d

{
public:

Point3d( float x = 0.0, flcocat y = 0.0, float z = 0.0 )
x{x ), ylty), _z{z) {1}

float x() { return x; )}

l—

float y() { return _y; )}
float z() { return z; }
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F1E XTX#& (Object Lessons)

Point

Point2d

Point3d

i

void x{ float xval ) { x = xval; }
// ... etc
private:
flocat x:
float y;
float z;

};

inline ostreamé&
operator<<{ ostream &os, const Point3d &pt )

{

0os << "{(" << pt.x{() << ", "
<< ptuy() << ", " K< ptoz() <K< " )",

};

NN —PWNEN=ZZ/ class K RFEN:

class Point {
public:
Point( float x = 0.0 ) : x{( x ) { }

float x() { return x; }
void x( float xval ) { x = xval; }
//
protected:
float x;

}i

class Point2d : public Point {
public:
Point2d( float x = 0.0, float y = 0.0 )
Point( x ), y(vy ) { )}

flocat y() { return y; }
volid y( float yval ) { y = yval; }
//
protected:
float _y;
}:

class Point3d : public Point2d {
public:
Point3d( float x = 0.0, float y = 0.0, float z = 0.0 )
Point2d( x, v ), _z( z ) { )
float z() { return =z; }

- .
—— R T e —— B RERS . VERLC IR B e e - ¢ L mmie TR S — © o=+ e e e . bm— e e —
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HTEHER C++ XNRERE (Inside The C++ Object Model)

void z( float zval ) { 2z = zval; }
//

protected:
float =z;

};

Bt — ki, REW—MEX, eNAR LIS, AT IR IR
3.

template < class type >

class Point3d

{

public:
Point3d( type x = 0.0, type y = 0.0, type z = 0.0 )
' x(x ), yly), z(z) {)

type x() { return x; }

.

void x( type xval ) { x = xval; }
// ... etc
private:
type x;
type _y:
Cype _z;

};

AT DR AR R RIFI AR IR H M E# S 50

template < class type, int dim >
class Point

{

public:
Point () ;
Point ( type coords|[ dim ] ) {
for ( 1int index = 0; index < dim; index++ )

_coords[ index ] = coords|[ index ]:;

type& operator{] ( int index ) {
assert( index < dim && index >= 0 );
return coords{ index ]; }

type operator{}( int index ) const
{ /* same as non—-const instance */ }

PR T P S S H A T v e s - it L e url s B - k. e IR
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S1E XTXH (Object Lessons)

il g

// ... etc ...
private:

type coords{ dim ];
} 7

inline

template < class type, int dim >

ostreamé

operator<<{ ostream &os, const Point< type, dim > &pt )

{

C)ES 4:,(: " ( Lk} ;

for ( int ix = 0; ix < dim-1; ix++ )
0s << pt 1x ] << ", ";

0os << pt[ dim-1 1};

os << " )"

RHE, FREEFXSE LABANAR, AEFRNEELE LOUEHENER.
AW Z L AERITHEEFEN, ARG TENBKRE, IH 42— ADT &
class hierarchy REIEHE" b "% C EFPEFHHERLEEIE" 7. BE
RESEERIRYE "HERRE L - ABRF LD, FHRITER L ®
NAYR" WEFRTZR. 28 C WRSIIRETEHEENESE (M3t T
C+ WiaE) .

F C++ PEB 3D e, WHE C PEER, RHREFH template {1
SF. BXFAER CH RAEEE N, WL (B, NKETHRNIBERE)
Wi, S0, FEROBRENY, WABREFRALHBEERS.

N EREGHNASALZAE (Layout Costs for Adding Encapsulation)

BFF RED Point3d B#3 C++ 2J5, B— AR RIE#HE. NET
HEZE, TREEENT £07 BRE class Poin3d HEHRIMBEZE. =4 data
members HIEAEFHEE — 1 class object ZH, ¥ C struct BN —£. T
member functions MM FIE class WEBZ N, MARBIAE object 2. HF—4
non-inline member function R &#EEA — MR ELE . 2 TFH -4 “WBEE 5 — 4
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EEIERE C++ WNREA (Inside The C++ Object Model)

EX” B inline function W& HEHG - MEAE (BR) 5 L4 — N REEHE.
Point3d X FHHEHFR, X—EBHEXTLE MR BT ARE N . IRE]
KER, C++ EMRBUEFREE FFEXNBIINHEEB virtual IR, B

m virtual function #1 %l HUZHF T HREN "$hWiTHHRE’

( runtime binding) .

B virtual base class AU LREBAEHREAKEKEZRTH base
class, H—PTH—-—MEILER LK™ .

o, B F - B HEHREKTHMINAHE, ZEFE “—1 derived class FIHF
—afak s base class W™ ZIB]. A, —EZ, FEAETAXKERNHE
i C++ BRF—TFlHE C EEKIRE.

1.1 C++ Yﬂ%ﬁﬁ (The C++ Object Model)

) F C++ 1, BWR cless Jata members: static 1 nonstatic, DI =% class

member functions: static. nonsiatic #l virtval. EEH F H X class Point 7 BH.

class Tolnt

puk:lic:
BFoint i floatv xXval )
virteal ~Point () ;

Tloat x() const;
at2tic int PointCount (};

YL e fr ol e

i e et har ke W

virtual ostreamé
print( ostream &0s ) const;

float x;

static int point count;

};

X class Point EVLSPHSHELBEZIR? B EW, RATanfqiEs

(modeling) Y& % data members F1 function members Wg?

T T—— e MmN R e St ikl - mee ‘ol RaE T e mamde 3 sma m s e wmaTme 8 W - T A . — T
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F1E X TIHR (Object Lessons)

BEXNRER (A Simple

Object Model)

BB - MBS, BRI T REEMA C++ SEHFRITE
ZEMF AL XRE, BLENUESEMPATHRRR. EXTEHRERES, -1
object f&— RF|H slots, H—> slot & —- members. Members & H 5B X
F, B#IHE—1 slot. — data member 3 function member FHEH K —
> slot. Bl 1.1 AT R XA RY.

Point:.
Point(float)

,
Y

-
Point:;
~Point()

float
Point::x()

int
Point::PointCount()

k)

Point pt;

ostream&
Point:.print(ostream&)

o
float Point::_x I

int Point::_point_count

1.1 FHHREWNRER (Simple Object Model)

X R EBER T, members & FHARKTE object 2. HF “4815 member

HITE %" A BAE object . X AMATLAEES “members BHARMER, AMNEE

e —
) m““l‘-"'_}“ bt T RRELT R o - e ol ey LT R - ST D e ey o - — il = W e e
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REBRER CH REE (Inside The C++ Object Model)

ANERIFFEZ R FrBEMIRE. Object F A members L slot WES|ME kKT
ik, FFlZH  x WESIRE 6, point count FIERFIRE 7. — class object K
/MNEBBEEFREHR:  “FEE K/, FELL class PHTEBRE members ¥ H” [FA.

BRXNTRBHEEHNATEEER L, REXTESIK slot BEHEW
&, BIRWAAE CH+ 8 "5 fAIEE”  (pointer-to-member) W42 H1.

RIBWANXNRIER! (A Table-driven Object Model)

N TXEEA classes RIFTHE objects BA —~BHEZR TR, B—FXLER L
A S members XS B3R, A~ data member table FI— 4
member function table Z 9, class object A< 5 M P & 35 @] X B> 2 4% B 35 &1 .

Member function table J&— RFIAY slots, F—4 slot 38 —4 member function:

Data member table NI E#SF data &5, INEH 1.2 Fix.

>
X
_point_count
Member Data Table
| ol (P& SE B 338 )
Point t | i.‘ ................................. P
ontp HE: RERHLAS, O3 —>
WANZER. FLUEZLRZ.
A .-—-_>. E B %
*—1 >

Function Member Table
(A& k¥

# 1.2 Member Table 3 R# 3! (Member Table Object Model)

- s 3 RN O ¢ T e — — Tt
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BIE RXTHZE (Object Lessons)

BEAXTHANOIEFELEFENVHTEER C+H 4iFs 5L, {E member
function table XMW EZH M A X FF virtual functions H— 1A AR 1.

C++ XNRIEA! (The C++ Object Model)

Stroustrup S (BB S FILE) B C++ XNRBERE N F 35
RIREMNRE, FHXNE S RHFRET R8T, BRI, Nonstatic data
members #WHECE T8 — class object Z W, static data members W FHENRB
i class object Z#b. Static Fl nonstatic function members tHE N EFTH A class
object Z 4. Virtual functions MR AN BIZ L .

1. 8 — 1 class A& H —H# 45 @ virtual functions M ¥5 4, WM EEK >
. XNEBHEFRY virtue! table (vtbl) .

2. §—1 classobject AR MT — N4, EEMER virtual table. # ¥

XA TEET Ry wpsr. votr WIRAE (setting) FIEE (resetting) # i
B — 1 cizss BY consirucior. destructor Fl copy assignment & B 8 35
SERL (TEHFTESS 5 BEitit) . 6§ 4 class FTREBEM type info object ( F
LA runtime tvpe identification, RTTI) 4 H virtual table #5 3%
*, BERBERBWE —1 slot &b.

1 Z/4%F — CORBAORB SRR AT iXF “WEREE" . SOM X5 4 70,4 b
X CIWERER” [HAMIS].
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HEEBER CH+ XRER (Inside The C++ Object Model)

P
float _x
_vptr__Point ol » =
Point pt; ——-TI type_info for Point
° I
. Point::~Point() I
Virtual table
for Point

-
|Point::print(ostream&) I

float Point::x()

sta.tic int static int Point::Point(float)
Point:: Point.:PointCount()
_point_count

1.3 C++ M RIER (C++ Object Model)

H1.3 R C++ MRERNFETNY AT HIHE TR Point class & F. XME

R ERMKRET ERZ RN R R, ETRRIUE, RN ARFA

MAS AWM, EARIAN class objects M nonstatic data members & FF ek

(ATRER M. BEREEY) , AL,

IRFRINREREFRRFE. XTX

R, BRI R A R B4R (1 T B R i,

AACBRMET - 2EEE, i

EHE AT S ZRHPATR R S AR T .

0 k2% (Adding Inheritance)

C++ H 8 — PR

class Library materials { ...

}:

class Book : public Library materials { ... };
class Rental book : public Book { ... };

CH MXFTFEBEYERK.

// AR (FRETHERA) iostream LB HF R

10

——y TR R N I iy . M - Wk - T e el -

bbs.theithome.con
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18 KTXE (Object Lessons)

I0S

| ostream !‘ istream I

jostream I

class i1ostream:
public istream,
public ostream { ... };

Bz, SERCRBIAUEEIEN (virwal, URAERXZERKER) .

class istream : virtual public 10s { ... }:
class ostream : virtual public ios { ... };

"“@?ﬂ%ﬁﬂ‘]'fﬁﬂ?: base class A\Ifé;%ﬁéﬁﬁi-' %E‘j%ﬁﬁéi (derived) gﬂb{k;

JKIE RESFE—SEE (FRK subobject) . BUAN iostream Z ¥ RAE virtual ios
base class B —~3C4&.

|
A" H, §— baseclass A LI derived class object WA — 4 slot 3, i%

s)

—A~ derived class {4 R FERB KR base class HJLEYE? £ “HLINR

ot A& base class subobject RIMbHL. X MEFIK T Es SR, AVEEENS

WA ARSI LA aE, IR class object BIRK/IMASEHHE base
classes HJEAETN 2 &M .

SR, RIETT IR 55— FiBRY basetable BIF., X BET89 base class

table $/=AEHI KA, REPHE -1 slot W& —PHXR base class Hifk, X
B4R virtual table W& 8 — virtual function FJHfit—4#. 8 — class object H

&/ bptr, TOWWE, $ETHE base class table. X FHE 4 & Bk 5 B

)

- 6] B T R BB = (A BT (6] E RS SaHE, R ENIRZES — 1 class object
X THEIE - BRI TA: 8~ class object MV ZERANBE EMT L&

L — 1~ base table 5%, 5 base classes I A/NEEE X, B, &
TEMNAE class objects &, BATLIECK. 48/, s E B base class table.

bbs.theithome.con
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FHERE Ct+ WRER (Inside The C++ Object Model)

A LA —fdEs, THESET EBEREIERNEETSM. Fla0,
— A Rental book WEMKEBEFRARBEENBINKAKE Library_materials 1]
members, T Book RFE—WK. MR derived class WE il — 115§, 504K
A EBEP T —1 baseclass, FEF]LIKRB —PKEZAZERNFEETE. SRX L
AT A, BATESIIZERBEMIMRITEE

C++ B¥IF AN AR 3 Niz AT a8 : base class subobject B data
members ¥ BHIEM B TF derived class object H1.iX#fit T X} base class members
REMERARENFR. RAR? UREE: dase class members KIEMEE,
SR BN R EE, BEHFTE MBI base class I derived class
Z. objects” FH LN EFH ¥ .

W

B C++2.0 BAHS AR virtual base class, T2 — 7] 3Y base class FE I
J ¥, Virtual base class B [RIGBERYE T class object F AT —NARBR virtual
base class Ml E— ¢ . REHMABRPERNZEZARAESA — virtual base
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FH1E XTXLR (Object Lessons)

class table, I EY TIECFAER virtual table, PI{EA4EIFE — 4 virtual base class 1
(& . 3.4 TEHXTHAIEHTIES.

XNREB WO 00 2% (How the Object Model Effects Programs )

REXTFEFP R A XWE? 1B, AR RER, 29% “HAANRFAR
WLIPEEC LR " MA RIS WAER. TR B, 2P class

X X T —4 copy constructor, —> virtual destructor, Fl—~* virtual function foo:

™ |

X foobar()
{

X XX;
X *pr = new X;

// foo{) B— P virtual function
XxxX.foo();
px->foo(};

delete px;
return xx:;

}:

XA~ BA AT RETE AR R A

// CTRER N EPFE B 45 R
// Bl c++ §Y

void foobar( X & result )

{
// I result
// _result AXREM local xx ...
_result.X::X();

// VB X *px = new X:

px = new( sizeof( X ) );

1f ( px = 0 )
px~>X::X{);

// PR xx.foo() BAMFM virtual 5|

// b _result B xx
foo & result );

/] &,

virtual YLHIY px->foo ()

F .

13

Pl 7 A e PR - el M IS T —— T - 1 - .- LT IS —— et e - L - - .
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REHEER C+H NRIRE (Inside The C++ Object Model)

( *px->vtbl[ 2 ] ) { px )

// VB delete px:
if ( px !'= 0 ) |
{ *px->vtbl[ 1
_delete( px );

] YO px )

// destructor

// AEM B named return statement

// K%%#%ﬁ local

return;

}

2, ARERBK, TEW! HM, AR

object xx

k. REESHETHEBERT

W

A= G R .

e

g RIEHF
o 3LF, —AMFEREAFHEL, —AE "EEK, B8, HR7 , RNSEERE

A class object

ATETRITANRLIRER

B, AR AIAM. AR

Virtual table
for X

type_info for X
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BIE XKTXHZR (Object Lessons)

1.2 %%i@ ﬁﬁ%ﬂ%m%ﬁ (A Keyword Distinction )

INRARN THENHEFE C ZRINFAME, Cr+ mal LALLI7EE At
ENPT, WRBRENAFBYEZEXFNE, overloaded function BRI KX &
MERZ. FFEER, R C++ 8 C WAEMIEE, BT EIEMR & 2
THX —THSRE pf B— B ARYE (invocation) 1A £ H AR .

// AHETFHEHED declaration B invocation

// HEIBHEBERKEE 1024 ARERFE
int { *pf ) ( 1024 );

MAE T XA FHE, & EEAFR “[mETHY (lookahead) ” EZEE AT

// meta-language rule :

// pq B3—4 declaration, MAE invocation
int ( *pg ){( );

SIES RER DR - EHE R~ NRERX (expression) B, HATEE—
TEBES RN, WiZRMak ERRTFHE -4 T .

[FIAEH, WHE C+ HATEILF C FERH struct, A class BIW 6]
g < class XXHF. (HEEXNSRITFNE, KN C FT#E C++, BT
BE, H-TREGEFABRINEERE: A 4aE— M ANEZE C++ BF
R LL struct BUfL class?

WRRE 1986 F, ROERERNGRE K. “BAR" ) ERY C+ Primer
— AR RS GFE: BZRRETF 1998/05 HRR) . X487 struct FFRBILE
BREIES, HEBEMRC, MHECAXITE C 5. EWiHE, X2 4
ANEAARREAZTEHLR — BN ERBRE — 4. RO EEGETE H X[
B, PRA] LR — /NN (—BR2AAFER/DN) MR, BERELS XL .
TR, RAGEN, struct BRAEEIE, HEBHAR-7 L BEREIURSKE
(i%E: Bell Lab., C++ KEM) B (IR BHHETRIE, EMERE/ TS

bbs.theithome.con
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WERZE C++ MEBA (Inside The C++ Object Model)

MJEEAEATERE. WR- C BFREBEESY C+, S RAFK HH

FHRE struct, —RSHYTHR. RBHAEK A

RRER, LEFOE EREN DTS, W, B4 %N

XEONEHT

ARA, IEFEFE —K: “HabiE—4 AN EE R

RZ—F: FJELL— ANBE LB K i .

BEREXNMERABF B FEAK

CRLE A, ATRLRBEE BT

struct B class? 7 &

L BEWEEET N EES,

t#id struct S A - FEFIEHGHZERMEMART . FKNTLUE H
struct % class, B3R 8 public. protected. private FHHFRIXE, U

Kk —/ 54 public WO, LLX virtual functions, DA KB —4k& . L3
kRS, DAET, BIFE N ASIELE—/NNTH C+ BN

XREBHELLTHERAMER-:

class cplus plus rxevword
public:
// mumble ...

struct ¢ keyword |
// tihe same mumble

}:

LATHEERRE struct B, TR EE
data, tH¥&H data WA EEYE (3F3F: 45 member function) . JREIAIRAY C FF
%, XFMHENIZHA C++ &) " HAER T KR
aH*k. £ C X—i4, XN HE

¥, ¥ struct I class “{EHLE

{

lﬂf ~ /

LK. JE

E-THEESHE, K

1tj H
:w:,#

1S A ADT” R

(user-defined type) FH¥:]
1R MAEE; ME C++ F—

AL R 10 7P

A private

X

, = E

MILHEB 2. XTtiie "BHFEARE—NKES” , R "EXE4T R

T Ty W1y By o Lrp— . iy = A = . LT

bbs.theithome.con
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BI1E XTHL (Object Lessons)

IR BR LIRPHEHT RIE (FI0 IsRight & is_right) * ERBEHBEK.

£ C IXFR struct M C++ FFXFHY class ZH, -1 WE ELHEEE
. BRREARBRE: XBESGHAIREIMER. OREHE, WR-MAH
ATHER C++ HEEEXERA, MLl "8, BRE—1 class” :

o

// struct &% (8 class &) BITHRE

{
public:
operator int{)
virtual void foo()
// ...
protected:
static int object count;
// mumble

};

3L FRATDAG EEAR AT R A struct, WATRURE R class. X Ffh e ag
R e EREXBRTX "FlH” 25085,

2ANF, 7F cfront (iFE: T C++ TS, Lippman 5THY) Z 4,
LB KB TEET 788 (parser) PRULER “AGGR” BB, WE
Foundation IR E 7, Rob Murray ] ALF EIREEHFE TEF RE M Hyxa
7. KMXBEEHREETEANENRERFHEEH, BRETLUYE— “unparser”
LRAXEREFN ASCI HE. W, BE, mRRFZiE “unparser” TE4b
Hidls, TERREREHGCRE, BFA—-F2REE—IERFEERE
T RAEER.

BHE—WEETIEN “X@imEZid” S8, BIEKY 1988 F, Y4BtEA(]
AN EF R — LR AX cfront B —1 "KMk, BIHEE" R BBL.
. cfront AFPRIRBBERGWHEHFEHAS, BRI A (root node) & —MEA
TRMEFERY (subtype) DL struct XBIARERAY, 7ERSBSNLH

(header files) 7, FEYR4E 7R (derived subtypes) BIRTE BB ( forward
declaration) HIZ{# HX#iq class:

17
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HERER C++ WNRERX (Inside The C++ Object Model)

// AREEL? A, AAgREA—-HET

class node;

struct node { ... }:

FATH Ml S X 2 — TR HER, B—1 cfront TEMEWEE, H
Heererelevnee e W AR e cfront FIRGFTED.

HIEMEBAARETIE "HHEE E X" $EHES LI ABR K
Ketin], FBEETER class T struct CEIFARBAIAFT “LE A
BH” DIERAE. BERW, R struct Sc8EANE ALH T C BEIEXR
W, M0 class XA LHMRE C++ B ADT (Abstract Data Type) W2, #F
AER A R —FERNES L. IF R TEXMER, — 1 object #
F e BH A static F extern:

// AEaEE? BEK
/7 AT BRI BOF B 85 6f 22 (9]

static int foo;

extern int foo;

XHAFAXT foo WAABZREMFIE. R, WKL, struct # class
XN KXBUEHFASERLIHENFE. class NETFTRHUEEREGFEHNE 5
(declaration body) RHEER . "—BHEMNAE” AT R —FXAE& LKREHC .

BEZRKMEXEEEE C++ 3.0 Fi5|AM “parameter lists of template”
L3k, Steve Burof, B~ N/REREFRE, F—-RKEH#HRNDPASHELE
LITERFAIREERSIEE (parser) AR S

// BB BIR R AR BER

template < struct Type >
struct mumble { ... };

SR T A ACRSHR G R -

18
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B 1EH KTIHR (Object Lessons)

// AR EHAMERT class k87

template < class Type >
struct mumble { ... }:

it 7 fhin)E.

AR T WEHEBTLIRE, REFEMEY templates FAITES C
HE. HHILIKNTHMIT struct Rk, REBFEFECMHLAE. RERKAHM K
M KA Sun 3/60 laeH DImEBRSEFERF—EXLHBRZET. R Hid
HRAEER T IBEETNEE (parser) , FERNEZWNLBR—HEREFL
A Bjamne FIPLAEER ANSI CH+ BRSWEET. IRXNMES HiEMiE
cX::E

RATEE S FHEUL, IIR S Tin g AR — R, TUARFSEE SRR,
EHREME, R C— BERAFN C BFEARE, ERAERIHE struct. 7
1, MAETEIIATINXEE class 15? AMFEEW? KR! B ATKHIEY
PAWE, HYXTESEH5ARTRER RN, TR EMXFNHEMRK T
F ARAT AH—TEES N, TSRS — MR R base struct (BIIT1 ZooAnimal
struct EIREH) B, KPHE-PHESL virtual base struct K 1FIE.

EMHENITIEP, RX4T “struct XBIFNER” 1 “—4 struct 70
HEZEE X" . FRETHUERRI TR AEEE— public BOKE
H, MEFRELFFHTERARENREK-H. FEETUTHEEHRARRR
ANTHE C BFREHE C+ FBk.

RISBMIEWBY struct (The Politically Correct Struct)

C BFRNIIIFAMBEHEN C++ BFEARGE. Flinfms — w854
BME—1 struct BN, TR struct objects AT LLHIA T K /M4 .

struct mumble {

bbs.theithome.con
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20

KRR C++ MNBAHEE (Inside The C++ Object Model)

/* stu

£ff */

char pcl[ 1 1;

};

/] DASREARAE S AR H B — A TR

struct 5 HiZ7H$H EEEE*B;EFJPL]F

// BIa A
struct mumble *pmumbl = ( struct mumble* )
malloc( sizeof( struct mumble ) + strlen( string ) + 1 )

strcpy( &memble.pc, string );

I FA TR

class 0, Tji% class &

B §5E £ accesssections, & ¥IE.

m ME— class JRAE Tk,

B EXNH -1 LA virtual functions

NFF
— 5

3|

S

AR 2BV ] LANUH ¥ 4, (B a0 RAT!

C+ AT

Al —/~ access section FI¥E, LERIEURKBEHRFHAE

MRAXYT. RIMHEBBAESL access sections PHRIFEHIE, HFIKFER R

T. THMEHS, iidl C HFEREFTUFRET, RFAGE, T4
protected data members # B 7E private data members WEHAR/EHEME (2% K

1FTETEL):

class stumble {

public:
// ope

rations ...

protected:

// pro
private:

tected stuff

/* private stuff */

char p

c[ 1 ]~

[F) 4 Y IE B, base classes #1 derived classes [ data members B B84 18

& B R E

S

NI ARIERT AR C £ — FH ¥ . Virtual functions 1
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http://bbs.theithome.com

£BIE XTXNZR (Object Lessons)

FHEELZHERIR MBI AREN T — TS, FURFREENE: AR AH
(%3 BESERMAMITEMRNAFA R ER) !

MR- MRFETHFE - THEE RN C+ class BEILBEE, # M
A C FHMARET, B — o &F MBI RN — MK struct /&
Bi. % C 5 C++ A{E—EIEEME, WM Cstruct FIRAE C++ 837FI

struct C point { ... }:
class Point : public C point { ... };

TR CH C++ R AR Fr:

extern voild draw line{ Point, Point );
extern "C" voild draw _rect( C point, C point );

draw line( Point( 0O, O ), Point( 100, 100 )):
draw _rect( Point{ 0, 0O ), Point{( 100, 100 ));

XFAIRALEBC A EEERE, AAFEBRES (A1 Microsoft C++) FEXFF
virtual function BIJPLHFXTT class FYEMGRAM T —LHT GGEF 3.4 FHiT
i) . #E (composition) , TIIEDE, A RBIE C A C++ L8 —RHME— 7]
1777 % (conversion BEARMT — M+ ERHEBR L E) -

F .

struct C point { ... };

class Point ({

public:
operator C_point() { return c point; }
[/ ...

private:
C_point _c point;

/7l ..

Cstruct £ C++ FHR—NEHEAE, BUKREELE “— ME M class object
B & EaEr” BIRA C ®mEPE, struct AT LISEESBRY . HEF
WES C RENZEAR. RMXTUREREAS (composition) BIFR T A%

21
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22

HKEHER CH XWRBE (Inside The C++ Object Model)

1.3

E.IMRE MK MAR HE” , MEFRSHTCRABANIZAFIMY data members
# L5 %] base struct subobject ZH (H—-XiFHFSH 3.4 THITIEULE 3.2a

FE 3.2b) .

5@% B'.‘] 2—‘%% (An Object Distinction )

C++ BRIt B8 X F=F programming paradigms (B Fi&it#iE) -

FiE: paradigm X AR FEHOFENMGE. BIGENEMFAEER? FEZS

T HAULEFHIT paradigm X710 55 09 R B .

A m{}df:] or ﬁ::-.arnpit: of the environment and methodology in which systems and |
snftwarﬂ EI'E: t:fﬂw:lnpcd and operated. For one operational p&rﬂﬂigm there could be

several aitﬂmatwe develnpmﬂnt paradigms. Examples are functional programming, logic

| programming, semantic data modeling, algebraic computing, numﬂncal computing,

fiﬁ_}p!%}_mct oriented ::h:ﬁzgn, prototyping, and naiural Ia.nguage dmlngue

2 —ﬂﬁﬁﬁﬁﬁﬁ%ﬁmﬁﬂiﬁﬁ ﬁ%ﬁﬁ#ﬂﬂﬁﬁ%ﬁﬁﬁﬂw
f-$ﬂﬁmﬁﬁ?%%ﬁﬁhﬁﬁ$mﬁﬁlﬁ_%?E—ﬂi%wﬁﬁf%i

........

wﬁﬁﬁﬁﬁ ﬁﬁﬁﬁﬁﬂ&ﬂﬂﬁﬁ .

5. @ﬁtﬁ#ﬁﬁ 3

}-.@ﬁ%’i&ﬂ* ﬁﬂlﬂ# H®REE

VHI

, C++ HROEZFE.
FRHAERLERE -6 F, BRAOMTUEHEAFBAU R sirr B E

1. XA (procedural model) , W C —H

(ENEWRHERN C H¥ESH) .

char boy[] = "Danny":
char *p son;

p_son = new char([ strlen( boy ) + 1 ];
strcpy( p_son, boy }:;

if ( !strcmp( p son, boy })
take to _disneyland( boy };

bbs.theithome.cornl
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B 1E XTHER (Object Lessons)

2. MFREIFEHABIEE (abstract data type model, ADT) . ZHE KT
BR “fie” BRf—4FEARX (public O) —R#EH, MHIEBEET X

AR mMAN. #lTFTHEA String class:

String girl = "Anna";
String daughter;

// String::operator={();
daughter = girl;

// String::operator=={();
1f ( girl == daughter )
take to disneyland( girl );

3. MEIXRIEE! (object-oriented model) . 7EH BT hAH — B4 1
HEXPER, @ - 1HRED baseclass (AR ERE D) hHEE
¥ . Library materials class 3072 — /" #|F, EIER subtypes #l N Book.
Video. Compact Disc. Puppet. Laptop 5% #B 0] LA BP B IR & 1 3k

void
check in{ Library materials *pmat )

{
1f { pmat->late() )
pmat->fine ()
pmat->check in{();

1f ( Lender *plend = pmat->reserved() )
pmat->notify( plend );

AiFEL —Fh paradigm B, FHTRBAETIVNREHEER. RTWRES
YT ARK paradigms, MATRESWRILABTHE R, SR EREEELBR
MF. BHE AR ARETEXRLL— base class 8 24k sz 1.

Library materials thingl;

MM FEM LS (polymorphism) J§ AT

bbs.theithome.con
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BEEE C++ MNRBEI (Inside The C++ Object Model)

// class Book : public Library materials { ... };

: : Book book;
Library_material
// BEX: thingl A&£—1 Book!

// book #EY (sliced) T.
Book // AT thingl HRH —1 Library materials.
thingl = book;

// BEX: WHBRE Library materials::check in()
thingl.check in{();

mAREIT base class B pointer I reference R FEMEZADHE:

// OK: B thing2 &£#3%| book
Library materials &thing2 = book;

// OK: WIEFIKHIR Book::check in{()
thingZ.check in{();

BIRVR W] DL H B2 Bk 6] B AL B 4 AR R HY — 1> base class object, B R & #iT
pointer B, reference WAL, A XF 00 BFRITHIFHESHER. L4
FHH thing? NEXHZEH, B OO paradigm F— PR IFWFHE. thingl] KE
XHzRAMRE T 00 ¥ ERMAE —1 ADT paradigm BIR Fi78.
thingl WIIT AHRGRESL, MEFANERETE. EHESAY, ENITRIEYET
REARRAREH !

£ OO paradigm Z2H, BRFHNHFELHE —PNRAE, CHRRBREFR
B, PALFIEE. THXREZETHYRER, ATMEZAREL LREBEEM
JTERBRE . L, #3EER object WELRRAET - MEEWITEZR, £
BRI . £ C++ &, HAEMd pointers Fl references BIHRVEA G T AL
MM, £ ADT paradigm PREF ALK E—H B EWE — BRIk,
EERFEMNPNCEZLEENTT. #1MF, TEHXHSH.

24
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B1IE XTXH (Object Lessons)

// R objects : A EAHR

Librar materials *px = retrieve some material ();
Librar materials &rx = *px;

1

// WREAY : FAIERL ARTNER™E

Librar materials dx = *px;

REEITRAIMEREH WL px B o BRIBEMFAPAERAE objects, ¥R EAE
WWERAMIE Library_materials object, BEARFESG H K — N FHE (subtype) .
A, BNMBEFATLHE, dr REER Library materials class B —4 object. 7
THHE, RSN AXHERNT N BRSUFRINRFTE, SEBENITY.

B YT object MIZAEIE" ERIM object MAMA UL —4 pointer 5
reference RFM, R C++ FH pointer & reference AL B AR LA M E
%%- E\EQF} H‘Jﬁﬁi‘,

/! BEZE GFFE: BAIBRENRRE class object)

int *pi;

//ﬁﬁ%gﬁiﬁmgﬁ(ﬁﬁ:E%ﬁ@ﬁﬁ%%chmsdﬂut)

volid *pvi;

// ok : class x A~ base class (IFEF: ATUBBENKE)

X *px;

fE CH, SERFET— MM public class R, 2NMF, px ATRES
MERERBE — object, BIBMLL public RAETRN —1R GERER KA
HIFE R EE BZEN ) . Nonpublic FIIREFTNUURER N void* HIEEH TN
2T, BENFRFERESTHARIR, URREENLFEBERETH
MREMRIEREE (FHEFTURENHRESAINEH—~BEF) .

1Lt

C+ T EXFLE:

1. #£ HRE R HEALBRE. H NI — 1 derived class & EF ¥ 1L o — 115
3 public base type 354t

shape *ps = new circle();

bbs.theithome.con
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HERE Cr+ XRBA (Inside The C++ Object Model)

2. 22 virtual function # %

ps->rotate () ;

3. £H dynamic_cast Hl typeid BEHFF:

1f ( circle *pc = dynamic cast< circle* >( ps ) )

LENERERABREZH - TMHFENEORZMERPHE, IMEOEEH
SENTE—TMBRH base class F. AN Library materials class ¥ 5 Book .
Video. Puppet % subtype EX T —T#0O. XMHEEBEORDLL virtual function 41
#l5l &K, B LAEEPATIARYE object K E IEAEMEHT L B JRERHE — /1 e& Bao ik
WA, 2R XFERERE:

Library material->check out{);

KM T A EEE T “BBE —4FE library B materials” T S5 T # .
RARES "HRBAHEMN. Bk IMET, RINVEFRORBHRE ,
m B AR — A0y Library materials subtype N EARFEEHEH 4% &
AFPRIA TR YT HRIRAE.

void rotate (

X A datum, |
- cons¢ X *pointer,
const X &reference )

Z {
L-H-j // ERATRICRT, TEREFEFAEAT —1 rotate() 34K

(*pointer).rotate():;
reference.rotate () ;

// FHZXTBRIEZER,

datum.rotate () ;

ol

X::rotate ()

main{) {

26
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F1E XTWE (Object Lessons)

7 z: // 2 B X W—1FRR

rotate( z, &z, z ).
return 0; ' «
} g :

S pointer I reference SEMAITIN “ B MR FIBIE" SWRHEZR! 1P
P EANESER Zrotate(). BH datum SEHE) RBVARERAE” NATHE (A8
A) 2@ virtval Pl A, ERELSRBEM Xorotate) MET. GXBERF
B “GRiFEFE” NE:. AELZH daum FFEHAK virtual function R AR E
virtual PLi|, MIEEXRE, SRFEEMERA. 42 WX HAEFEHNITHE)

Il

FELZPNFAGEHE RN - classobject? —BT S BAH

B H nonstatic data members B2 F K/

B N EfEMEAT alignment (FF) WFRMEA (padding) £ X/
(AfHEAFET members 28], WAREFEETESAELR) .

1¥iE: alignment MR M BEARDZERWE/E. £ 32 itEU L, &
H alignment § 4 bytes (32 ) , DIME bus B “BHE" EIBENE.

M MERTZF virtual MBANRIPZEHNFEAHSME (overhead) .

— P eE2, AECHEMB -FHEERY, EHEA5HENANER/)IRB R
B. 2406F, TEAE— Zoodnimal FEHH.

class ZooAnimal ({
public:

ZooAnimal () ;

virtual ~ZooAnimal () ;

2 HB—4 reference. EF L, — reference MW H R — N4 R IBL, M object iE B
WRZHmAEEFE, BFE /M54,

bbs.theithome.con
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28

EERE C++ XNRBE (Inside The C++ Object Model)

/] ...

virtual void rotate(});

protected:
int loc;
String name;

}:

ZzooAnimal za( "Zoey™ );
ZooAnimal *pza = &za;

HHH class object za F¥EEt pza BIT]EEAS
B\ %) “datamembers AR~ X7 TH L.

RINE 14~ RBEEIE

o,

BErAN2EAR! (The Type of a Pointer)

B, — 18R ZooAnimal HITEST RANMTH S — e mBE ML R — &

1] template Array (I0F, 55— String

ZOOAnimal *px;
int *pi;
Array< String > *pta:

LRFRRIWSRER, BEAAR

A

FrEg) IR HERARRR?

EN=1T8%EFEENNERER

BE—Yldeta GEHRT word, iFE) . "#HAARIARZ £ ANER,
BEAEREHRREARAR, BAEHAE (RE-1H#l) FE, MEERFZ
HEHORE) object KAAR . HEHMEV, “HE AR SHIMIFH/MTHEERE

FEMIUFHRFATRAXA:

NGV -3

bbs.theithome.con
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B 1HE XTIXZR (Object Lessons)

1. — P Ie AL 1000 R EIEE, &F 32 UL, ¥iEEH a5 E
1000~1003 (iFF: HA 32 Ut BF LB BEHEE 4-bytes) .

2. W3R String BEFKK 8-bytes (HFEF —1 4-bytes WERILEF — 1A
RKERFRHBRBEKEHER) , A —D Zoodnimal 5548 8 H i 5 |5
1000~1015 (iFF: 4+8+4, WWE1.4) .

1000:

qan

Int loc

: int String::len
Stnng NAME Q | LT

char* String::str
__vptr__ZooAnimal |

ZooAnima! za("Zoey");
1016:

143040

_-'|.'I|I

Zo0Anirnal *pza = &za;

1.4 3. (3Fk4. ) class B object /¥ pointer H# B

B, A, —Pigaieht 1000 Ti2ER A void* B354, BERSERN LT
FEE? BH, BRIIAAE! XRB I A - K void* 35 HEEB A A
— P Hlk, MAREBELERENRIEZ object BIZ%HK.

PTEA, %R (cast) HILR—-FMiEHREL. KHBSER T EHF RS — 8
HETEMNREESL, EREW “BREZAENNENE” HRBFR.

N EZEZBE (Adding Polymorphism )

RIE, ERNIE N =1 Bear, YEHN—F Zoodnimal. 48R 42 “public 4%
A ] PASE SRR %

class Bear : public ZooAnimal
public:
Bear () :

e L T e I e e "

bbs.theithome.con
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ZooAnimal

| Bear I

30

WEHE Cr+ WRBH (Inside The C++ Object Model)

~Bear () ;
/! ...

void rotate();
virtual void dance():;

/] ...

protected:
enum Dances { ... }/;

Dances dances_known;
int cell block:;

};

Bear b( "Yogi" );
Bear *pb = &Db;
Bear &rb = *pb;

b. pb. rb SHERKNNETER®R? RER pointer X reference FpRTHE—
A word BZE (7F 32 {IH18% LR 4-bytes) . Bearobject THE 24 bytes, th3
B ZooAnimal B 16 bytes MLt Bear FFHFRK 8 bytes. E 1.5 BARAIRENRFF

.

1000: ¢ pr

b Z00ANIMS

16 bytes <
y : subobject

8 bytes{

Bear &rb = *pb;

¥ 1.5 Derived class ¥ object #1 pointer % 5

bbs.theithome.cornl
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F1E XTXHK (Object Lessons)

.

i, BiZFKAIRY Bear object W IFEHEHE 1000 Ab, — 4 Bear &5 HF— 1
ZooAnimal 85T B 4ARE]?

Bear b;
ZooAnimal *pz = &b;
Bear *pb = &b;

ENEAEIE M Bear object HHE—1 byte. HEJRIEFNE, pb FrEZHH
¥ Bear object, 11} pz Frig =ttt H A& Bear object ) ZooAnimal

subobject.

™

qre=]

BR T ZooAnimal subobject P HILH members, IRAGEBEE F pz K HIBALE
Bear HJ1EA members. ME — @4 EiHT virtual P .

// REE: cell block AL ZooAnimal AJ— member,

// BRBENIAE pz HHETIE —1 Bear object.
pz->cell block;

// ok: £iF—THBHK downcast BERBHITE!
(( Bear* )pz)->cell block:;

// THEFEH, BER—T run-time operation (i%i¥: REHE)

if ( Bear* pb2 = dynamic _cast< Bear* >( pz ))
pb2~->cell block;

// ok: BN cell block # Bear M—/ member.
pb->cell block:

YENE:

pz->rotate();

Y, pz BYREVH FEGRIENT HI E LA T A -

31
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REERE C++ NEREM (Inside The C++ Object Model)

W BENATHZED. WH2E, pr REEB B Zoodnimal W) public # D .

W iZE OB access level ( Bl 20 rotate) & ZooAnimal B — 4~ public

member) .

8 —TPAT A, pz BTTER object KBTI E rotate)) ST LE.

RRUGFEHNHBEHAEETT pz 2%, MES4P T link 29, M link T
“object By vptr” Al “vptr TS virtual table” Z[A]. (4.2 F5%F virtual functions
H—TEBNITIE)

W, FEXREMN:

Bear b;
ZooRnimal za = b; 7/ &EiF: X238 UF (sliced)

// WA ZooAnimal::rotate ()
za.rotate () ;

Nt A rotate() BTN Zoodnimal SERT AR Bear S M4h, R
AR E GFE: WHAT LR assignment #EXLERT) ¥ —1 object HE
BAENR 55— object B, HHA za B vptr RIEM Bear B virtual table?

FHoNRBHERE, MIFHRE Q) FHELE (2) F5F (assignment) #1E

(#—1 class object FEFEX H— 1 class object) Z B TR, HIFBUF
iR ANEE A object FF — T —1LL LR vpirs, L vpus RN BELRLH
base class object IR .

Z2THE-TMOBNERE: za AR (MHEBERSER) — Bear, £
(FEREER) —1 Zoodnimal. ZEFTEME “— MU LEKER" WELEHE,
HARBES SER RIETE “HIBEFH objects” XMEHIF L. E— M URTHIEMNWE .
00 BFRITHAZFEN object WEELAE. #MilF, TEX—HAEX:

32
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FB1E XTXE (Object Lessons)

ZooAnimal

Bear

Panda '

ZOOAnimal za;
ZooAnimal *pza;

Bear b;

Panda *pp = new Panda;

pza = &b;

b

HA[REK A FN R A 1.6 fixs.

Heap Memory

1000000:
4

Bear S
subobject

> Panda

ZooAnimal za:
ZooAnimal *pza:
Bear b:

Panda *pp = new Panda:

pza = &b:

4 bytes (pointer)

” Bear b:

1.6 HKRXEXBIHOAEHB

# za B b BMEE, B pp FISWAE (LR MuH) fe3s pza, BRR

. — pointer B — reference ZFTIXBEA. ERANEMNH ARSI RN
FHREM “SRUAXNHNFZLRE (type-dependent commitment) " ; SXF
B R R ENIFr 5 me N ER "KAHAERBRFR” HiC.

33
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HEEBRERE C++ MNRER (Inside The C++ Object Model )

SRTT, FET AR P E KA objectza BIKRAD, BLERHE NP SHAFP
K “WEFERE” . BB Bear object 1EEH za, LB EHACERE
FWIRFE. BITERYRMEANT .

Y — base class object #f HE#IILAN (BREFREN) —1 derived class
object B}, derived object B2t PIFE (sliced) , DIEAB/IMY base type WFH.
derived type FHRAHE TIEAI%ZEIRE. ZETEABEN, MR %RIFESRA]
ITE Swid B RS — 1 "% object A& virtual function TAHEEE” , B
o) ¥ virtual PLH|. ZOR virtual function #5E X8 inline, RIEAHRE FK-KKIX.

BMEZ, BZR—MENRREEIHLE, AFRE—-ADHBR public
Zla, HEMXHK., RITEY Library materials EEZFR— 6. FESE
R R ESIN A BE—RERE "RFENRE” AT "Bl L.
C++ i18id class Y pointers # references X XL S, XFEF R XA IR K
CHEXF S

C+ BXFREN ADT BFXAE, IM4SBWHRA object-based (OB) . #4n
String class, —TIELBHBIERT. String class AT B REENIELSIER,
ERE—1 public OF—1 private SE/E 5, SRERIEAEY:, BEATHEK
MY FE. —4 OB RITAIRE —1XEKN 00 Bt EEERMASHE E
2. EERERANENENG| RBEERERENTPBTTR, TR BHE K
ARRIZE virtval PLE; ZEEBNEENE - class object AEEMEEYS
EATF virtual VIHITHERBSAE. R, OB Bt iR A #4E.

OO0 # OB Wit KEEEA EMNMAPEMMIFESE . RATLIFE [BOOCH3].
[CARROLL93] I [LEA93] #E|— LA EA IE K P S 01136 . X 838 AT it
WHIR C++ Booch Components library. Bell Laboratories' Standard C++ Components
library, PAK GNU g++ library BJRTHIE. £ (00) FI¥E (OB) 2%
HHEERSS. —MTAEREFRABE 20, UJCEETENESNT N
Y AT K.

TR T s = ekl - oG- ~ i
e B e L el el U L e T e T = r—grm-
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528 WiESRPOE EZX (The Semantics of Constructors )

MG REONEES

(The Semantics of Constructors)

iFiE: FEREBHILITEXARE

implicit  BEPR . BREN (BREEFAFERFEARG HIY)
explicit IR (BRERERFERANPFHIN)

trivial . WHE R

nontrivial - HHE

memberwise : X — - member KELL:---

bitwise - Xt — 4 bit Bl

semantics BB

RT C++, BENEN T HEERE, HIFSEERFRMT AEEE.

Conversion EHFFBLE B H 5| AR — M F. Jerry Schwarz, iostream & %% 19
BRI, MELEL M E. iR ENBEERELHE—1 iostream class object
HIZEE W (scalartest) , HRIXFE.

o

37
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RERE C++ SRR (Inside The C++ Object Model)

1f ( cin ) ...

KT ik cin BRI~ DHEMBE, Jerry HENEE X —1 conversion 128
#F: operator int(). ERIFAT AN ERE, IRNBHITUEREIT. HEREETHXIME
IR ETTT, ERNITARBLSAKREZ—HT

/7 BEK: WiZR cout, MAR cin

cin << intVal;

XM OHERFRBERNIZER cowt TIAR cin. Class EIREHWE " type-
safe” RYENMIZREEHEXRWLEZEFNERZH. A, #H LY FEXE
) dmiEay, HWRERZE - EMER (WRAERE) , MARRIBERF R
RANERMAET! Flkfld, NENAEBNUZESF (left shift operator, <<) REF
E “cin fREAHN-TBEHEER BAEH. RiFF2EETUSAHSE N
conversion BBELF, RIEERBIT operator int), WERTCEMHRA. £RAE
BAAERTURET: mRREXT. 2O0HERGHER:

F -

// BE: AReEEFAAERN

int temp = cin.operator int{();:

temp << intVval;

Jerry MR X NEEABRIITH? Ll operator void*() BA, operator
int(). XFENRAB TR IEFR N “Schwarz Error” . BRI FE R HEER R —F “F
£7, HERZ —~ implicit class conversion YL H|HLER BN IKE. String class
I FEH (512 T [STROUPY94] p.83) 7] DAL R —Fh#ESh & IR EH implicit

conversion KX FF, String RPELFIEF I HEEFEZHES2HN C runtime
library BR¥FEE H) —1{71.

EADLEFRZE, FEE-FEEREHFE, AN - D GRIEHREP

T H5®ME, WRHER C+ library string class 3 R84t — 1 implicit conversion ZEF, &

ORI — A ZCE (named instance) , HZE LIBERERA .

Laaaaann B 1 e L A

bbs.theithome.con



http://bbs.theithome.com

28 MEEKIEEY (The Semantics of Constructors)

1TH] “user-defined convertion R~ AJEEA ST Schwarz Error. H 3L F o
7] explicit ZATDIBIFAXMES, AENTRUESEFR -k, FE]
fEaEdl k"B — S8 constructor” ¥ M — conversion BZEAF. BRMIIR
K5 M Schwarz Error I EPIRB LR, {HRE conversion BEEAFSLFR B L —
MU R T AERXTHA. Conversion ZEANSI AN IZEAETHN, WH
MR IZE™GR, FEEREF - HIIAIEEINSE - MEREEE L BR.

AAETHRFS NI THREFEE CRBREANER, MABEEEIFE
Rt AR —&RR, BULRFAMEMIIS Schwarz Error AT L2 BCh E
K. "HEE3) LB ELXELE “memberwise initialization” X FFiEHK “named
return value optimization” (NRV) & L. X —#8, REFHEHEESRITT X
RMELR" T, DENT "BFERX” fl “BREE” b,

2.1 Default Constructor N @12 4/E

C++ Anncrated Riference ifanuai  AXM) [ELLIS90] H#) Section 12.1 %%
FAT: “defavit constructors ... AL ENBREERIFRTAEE R . XBFRE ‘K
mRPER . BERE? B4 BETEHXREFE.

class Foo { public: int val; Foo *pnext; };

void foo bar()

{
// BEK: BRFEKR bar's members #EHH 0

Foo bar;
if ( bar.val || bar.pnext )
// ... do something

/...

EE: UTXFREXLZRMER implementation X7, LB T R
"CH SLHERT , HELRTE CH RiESR, IRMEATRABTEE RIS IEXE.
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EEHERER C++ XIRERB (Inside The C++ Object Model)

EXANFFH, ERBEEFERELEER Foo H— default constructor, A LA
HERP members ¥R 0. LEXBRMNATERES ARM FFiil “H#FE
™ ? BERE no. HEINEHET - TMREFNTFE, —MREHRESHNTFE.
BEFURERE, FREFRNFRME: FABAERENRILIT class Foo KIAZ2.
BR, t@dEFREHFASE ML~ default constructor.

WA, fH A& 2 & B — default constructor P87 44Ri%F8$T E T AT
! deoh, #a RHER constructor RATHRIFFTFRITE. BB, BNf#
HFTEAN class Foo & M— 1 default constructor, FF constructor tHA~<> ¥ K 4>
data members val F1 pnext #FIHWH 0. X Tik L —EBBIERMIT, class Foo I
W E LR —THER default constructor, ¥ 1~ members i& Y HFIIEL .

B B EA

C++ Standard B2 H T ARM FHHEE, BREITH
HJ. C++ Standard [ISO-C++95] B Section 12.1 XA

|
.I.E r

XtF class X, IR F1F user-declared constructor, HFALH —4 default

constructor B (implicitly) FBHH K - — AN HREPEFH B XK default

constructor R — trivial QREMILEE, B HRAY) constructor

C++ Standard ARG HHE— —WAEH ABKEKHE R TX 4 implicit default

constructor Z#MA trivial. — > nontrivial default constructor £ ARM B ARIEH
REGRFRFTHEQIF, SEOELOMFRARBRK. FEONA S5
1 nontrivial default constructor BP0 Fh{& &L .

2 Global objects HINFRIFLERFMIENITEEE S 0. Local objects ALE T 1 En

tX+, heap objects FCE FTEHHZEH®, #A—-FLEHEN 0, ENHAIBRANE LK
& Ffa 8983k
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B2E MERPIEEY¥ (The Semantics of Constructors )

“HH Default Constructor” 8 Member Class Object

WK~ class ®BEAEAT constructor, {HEHE —4 member object, TG H
A default constructor, Hf 4 iX 4 class Y implicit default constructor It £
“nontrivial” , ZIFHTFENI class FHH — default constructor. A3 A
ERBIEREE constructor EEFEHFAR AL K4,

TEHAET —NEBAEME: 7 CH+ BNMAEMNHIFELD B, B
A compilation model, &% 4 compilation module Zi%? REMSGIZEE L ZIERR
FIFESR ), 9Rifa LT & A £ default constructor(BEINE — N4 A.C ¥4
BB, B—1TREN BC BER)R? Mok R2 B4 MK default constructor. copy
constructor. destructor. assignment copy operator #L! inline F X5 M. — 4 inline
PRECA B AREERE (static linkage) , AEBRIRUIEED. WEEK AT L. <
EHHA inline, LA B —1 explicit non-inline static S24% (inline &5 1E
4.5 VHEBFEENIREA) .

E2NF, ETANEFRERD, RIFHWY class Bar S — /1 default

constructor:
- class Foo { public: Foo(), Foo{ int ) ... };
Bar object class Bar { public: Foo foo; char *str; }; // #E: FE4K,

RAE

‘ Foo objectI

void foo bar ()

{
Bar bar; // Bar::foo WMIEMALFIIEA,
// VTE: Bar: : foo & — member object, il class Foo
// #WH default constructor, ZFE&ZE/Y L H
if ( stxr ) { } ...

5 WA Bar default constructor W& LEMMF, B8 EA class Foo I
default constructor K4LH member object Bar::foo, {8 IR 5= A L 55 sk 3 15 1k
Bar::str. 2RY, ¥ Bar:foo ¥ RRFRIFTE, ¥ Bar-str FIIE4 N EFE

bbs.theithome.con
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FIRE C++ XRAEE (Inside The C++ Object Model)

*

FERBHRAE. #8mRK default constructor & 2 3K 7] 68 50X #3:

// Bar W) default constructor W EESHEHIXHES N
// B member foo VWA class Foo W] default constructor

inline
Bar::Bar ()

{
// C++ th35

foo.Foo: ::Foo{);

 —RIERIERE, B8 K default constructor B EHMiFANTEE, MALE
BAENTE. hTIEXNEFHEREE EWIT, FREE sor WFEH VB,
URIMMBEEFRELH THEHR default constructor 34 T sor B IEILER1E:

// BFRENH default constructor
Bar::Bar() { str = 0; }

HERFHNTFREEBHLET, BEEMEFHFAETEVIZH member object foo.
B F default constructor D228 E XLk, REREHESHB . ",

A, RATRESXEEN . ik RBH ATfTshve?

MIFRPITIIR: "R class 4 BE T —1 L LB member class
objects, FF4A class 4 K8 — constructor VA% — 1 member classes B
default constructor” . ZRHiIFW/ Y IKEFHER constructors, TEH i — L1,
{578 user code T RITZHI, FLFEHLER default constructors. ¥TLER]— 1~
F, PIKEH constructors T BEIR X K-

// VJGH default constructor

/] C++ {HEL

Bar: :Bar ()

{
foo.Foo: :Foo () // I LW compiler code
str = 0; // explicit user code

3 ATHARMMITIE, XLEFTHREHBBEHN this 5.

s A . - 1 b s R - - o= LR T - "_"—'"'-P'm-mv-‘iﬂ":ﬂh? F '
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EB28 HEBRBIEEY¥ (The Semantics of Constructors)

IR EH £ class member objects #BE K constructor FIIFICERFE, 5 20
B ? C++ &5 E E3REL “member objects 7 class PHEHKXAFE” XBHS D
constructors. X — S HZIFRFTM, B ANEF— constructor LIHHEFRE, LU

“member FEHRF" WAE —1 member FrXEXH default constructors. iX 457G

B8 LHETE explicit user code ZHI. 26167, BIREIIFLL T =1 classes:
class Dopey { public: Dopey{(); ... }:
class Sneezy { public: Sneezy( int ); Sneezy(); ... }:
class Bashful { public: Bashful{(); ... }:

LK —1~ class Snow White:

class Snow White {
public:

Dopey dopey; // i¥MH: dopey. sneezy fll bashful = member

objects
Sneezy sneezy;
Bashful bashful;

//
private:

int mumble;
};

IR Snow White B F E X default constructor, Bt <A — 4 nontrivial

constructor S B X, K FRA Dopey. Sneezy. Bashful B default constructors.

PRTEAR Snow White TE X T FHIXHHA default constructor:

// BFFRAERM default constructor
Snow White::Snow _White() : sneezy( 1024 )

{
mumble = 2048;

RN

// HRIFERY KGR default constructor
// C++ {875
Snow White::Snow White() : sneezy( 1024 )

{
// ¥ A member class object
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EEBRE C++ XNREE (Inside The C++ Object Model)

// VMRBHE constructor

dopey.Dopey: :Dopey () ;
Sneezy.Sneezy::Sneezy(1024) ;
bashful .Bashful::Bashful ();

// explicit user code
mumble = 2048;

2.4 KT8 " implicit default constructors” F1 “TE BB # £ 5T member
initialization list F# constructors’ ZEBE X R,

“«3537 Default Constructor” By Base Class

L

RLPWHEE, MR - PMEFIE constructors B class JRAEH - “HH

default constructor” HJ base class, #B-AX N derived class B default constructor <

WA nontrivial, FEEEFEEHSRALEK. EHIEAL —E base classes 1
default constructor (MTFEENITWAEHIKFE) . J—PNGHIRER class s, XA
W constructor Fl—1~ “#EBATHIR LAY default constructor” WAHH A ER.

MREITERBEE D constructors, {HHEPEEA default constructor B ? 4
FHRSYT KB AKE — 1 constructors, ¥ “ALUBEAMRBFTLEZ default
constructors” BJEFAENH# L. ERSEH— 1 default constructor, X &
HARE "W user FTHRMLH constructors” FEMNZH . MBFENRELEE “#
A default constructors” B member class objects, HBLE default constructor <&
iR TEFTH base class constructor #HE IR B G .

“HF—- Virtual Function” B8 Class

BERMER, UHEESMYE default constructor:

1. class FHH (Ei4k&K) — 4 virtual function.

2. class REEH — T HEKEH, HPFEH I THELH virtual base classes.
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F2E HHERPOEZSF (The Semantics of Constructors)

AEW—FHER, BTHRZEH user FHIRY constructors, HiFdHFaiFHICR
B W —1 default constructor ML BEFE. DUTHERXNMERF R E AR

class Widget {

public:
virtual void flip() = 0;
/...
};
vold flip( const Widget& widget ) { widget.flip(); )

// B Bell M whistle #IEAEH widget

void fool()
‘ Widget I {

Bell b;
Be" I Whistle w;
Whistle I flip( b );
flip( w ).

FTEMNNT KREQERFIE R AL

1. — |~ virtual function table (7£ cfront P FB vibl) S HRIFRFT4
13, A class Y virtual functions Hiit.

| i

2. & —1 class object H, — N4 H pointer member (HEE vptr)
SEREFESHAHEFK, HEFHXH class vibl By Hz L.

Wb, widget.flip) WBHEISIREEYE (virtual invocation) LB EHNE, UM
H widget ) vptr 1 vtbl W flipp FB:

// widget.flip() WEBHISI K#¥E (virtuval invocation) WA
( *widget.vptr{ 1 ] ) { &widget )

Hd,

W 1 FER flip) £ virtual table P E EEK3|;
B cwidget NEBRXE “WIRHABNED flipg BESLE” 1 this 54T,

45
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HEEHEER C+ XRER (Inside The C++ Object Model)

N T X MVLHIRFEDR, FiFasM AT —1 Widget (BIRERERZ)
object B vptr I EVME, M EIEMA virtual table Hulik. XTTF class FiE LK &
—~ constructor, ZRiIFAFS EH— LR MXFHEHE (FF 52 ) . T8
¥ K B BH £ 1] constructors & classes, HWIFEHF N EN S B — 1 default
constructor, DA{BIEWIHFI 458 — 1 class object HJ wvptr.

“THH{—-1 Virtual Base Class” 8y Class

Virtual base class RJSEIMEEAR B FHSZAIFRANER. RN, §—#
SCER L ) HL o FE T U virtual base class FEH & — derived class object
Ry, B THITHESEY. FfNTEXEREFAES.

class X { public: int 1i; }:

class A : public virtual X { public: 1int 3j; };

class B : public virtual X { public: double d; };
C public A, public B { public: int k., };

| A !1 B I class :
// THEEGRFN Y (resolve) ! pa->x::i WUE

46

void foo( const A* pa ) { pa->i = 1024; }

mairp (}

{
£20( naw A )
foo{ new Z ;;
// ..

}

MiFRTLEUMEME foo) 29 "M pa MAERK X" NEFRRBLE,
AKX pa WHE ZITRIATINAS . 4aiF 38 D IEE “PATHFE R AT, X
AT R ZHATHEAE TR, [RSE cfront BIMEREE "7 derived class object
K& —~ virtual base classes P LI —NMEE" TW. TFE “ZH reference 5

pointer JRFH —4~ virtual base class” FJ#RAEER W LB HXIEE AR . ERHF)
TH, foo) TTLABHEBINT, LIFFEXHERY LI R

// TIEERUSRIE RS A RAE

void foo( const A* pa ) { pa->_ vbcX->i = 1024; )

TR =PRSS E———— - .
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£ 28 M R¥BOEFEF (The Semantics of Constructors )

He  vbeX FTrdmiFas i =454, $8m virtual base class X.

IEZR BT BE TR AREE , _ vbeX (EU4miFEaR TR BT AKTT) BTE class
object MM BT MK . T class FiE LB & — 1 constructor, RIFRLE
BHL " RIFE—1 virtual base class FIPITIHAFRUIRME" A5, R class ¥
HEWAL constructors, ZMiFH/ATNE G B —4 default constructor.

S

AR, 2FE "HESLIAAIEKEH constructor 2 classes & — 4
default constructor” . C++ Stardand {EHFLES BYFR N implicit nontrivial default
constructors. 5 A KHY constructor HAEHERIFER (MIERF) HNEE. ©
MUY TS, BEE “EA member object T base class ¥ default
constructor’ B " HE— object FIRLH virtual function PLHIEK virtual base
class Hlif]” MxM. ZETRAFERLUMFIN T L EFHBEILM constructor )
classes, IR ENIFHFRIE implicit trivial default constructors, T 1153Lkr L3 A

WA M k.

S AR default constructor 1, HF base class subobjects F1 member class
objects XWHWEH . FiFHEH nonstatic data member, INEEE. BEILE . &
BHEAFFRAENE . ILPBREBESBFEMEREEEE, BIHF
| FFIEME. IWREFTE - “BFEIRHIRN 07 §9 default constructor, P
AR AR IZREFEF .

C++ HF—BAWNE AR

1. {E1] class AR EFH FE X default constructor, LS HE S HE — k.

2, iFARAS ML XN default constructor P HIR F “class HE — 4 daa
member HIBRIAEH" .

IREE W, BE—TRER!
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EERE C++ SRER (Inside The C++ Object Model)

2.2 Copy Constructor RNEfJ1R/E

F=FER, 2A—1 object WHABVENSE — class object W¥ME. &I
BH— R E N YRR EX — 1 object BTN IEILIRIE, BIXHE:

class X { ... };
X X;

/7 L, — 1 object MINAER T~ class object W¥FIAE

X XX = X;

FHFFEOEY object W UFSBLFARBET, #in-:

extern void foo( X x )

vold bar ()

{

X XX;

/7 Bh o xx fEAR foo() B—NMZ2EMVE (R EHIELERE)

foo( xx );

/] ...
}

AR YR $45 |l — ™ class object B, #4n.

X
foo bar ()

{

X Xx;

/...

return xx;

BRiX class I HEHBTE X T —1 copy constructor (iX&— constructor,
H-TZHALERRHE classtype) , BT HXH:
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$B2E MWERBIEES¥ (The Semantics of Constructors)

// user-defined copy constructor HJSZH
// TUREZSEIEN, HE_SEERASHU—-TRIAEHMNZ

X::X{ const X& x );
Y::Y( const Y& y, int = 0 );

WATERBEFTEHT, B3 —1 class object UL B —/MFE 25k hyiEn, &
R constructor = . XAIRESE B — EITE class object W 4E RFEFF
R (WEEHE) .

Default Memberwise Initialization

R class TAHERHME — 1> explicit copy constructor X 24 H07[7 % class object
LU AR class B9 5 — A obgect” fENPIER, HAFELUAMIELN default
memberwise initializatior 3T EDY, LR EBEEE - TN EREMN data
member (|20 — e ¥T 5, — 2 5 H ) B8, AFEAD object #EIL— BB 5B — 1 object
SE. AEEHAELEDL 94 member class object, TiJ&L#EIFH L KT

memberwise nivializaiion. HU0, FETE X class FHHH:

C.243 String
public:
// ... BA explicit copy constructor
private:
char *str;
int len;
)i

EXFIFRZ T

Lil

— ™ String object #) default memberwise initialization &4

String noun{( "book" };

String verb = noun;

HERFARFERNEEE —1 members —#f.

[/ EEHE

verb.str = noun.str;

verb.len = noun.len;

49
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FEERE C++ XREA (Inside The C++ Object Model)

N —4 String object #HEH A A —1 class B member, X

class Word {

public:
[/ e BA explicit copy constructor
private:

int _occurs;
Stzing word; // ¥E: String object WA class Word HJ— 7

HS 4 — 1~ Word object B default memberwise initialization &< # 1 H W #E K

member occurs, RIGHT String member object word H @ IH5LH memberwise

initialization.

X R BRAESERR B2 SEAL? ARM 5 KA

MES EME, F—4 class X, XMRERYE —1 copy constructor LI

HPFEHFRE "HEL” . IMEBRNEBRE - SHBE.

— MR TR IFESR T LL I KEB4Sr class objects P4 bitwise copies, BN E1]

A Dbitwise copy semantics

Rk R, TR —1 class KE XY copy constructor, fRiIFRFE BN E
EEH—AT XAJEAXN, TIRMIZE ARM ik

EM BB B g as AL

Default constructors Al copy constructors 7

XMFHE BB BHEY class AREI bitwise copy semantics . C++
Standard IR E T ARM HE X, HESHEXITLEEALINT (HFSHEHR

FItE)
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H2H WERPOEEY (The Semantics of Constructors )

— > class object AT PR T X B HlFE], —FEFHHEL (BHERNIX
Brc.OR) , B—MEgIEE (assignment, E S EEITiLZ) . MESLETS,
X P ERVE AlE L copy constructor FI copy assignment operator 5€ i, i .

PR default constructor —#¥, C++ Standard Ei%, WHE class AEFH —
copy constructor, B2 B3 FRIFEH (implicitly declared) 2, & 9 5E X (implicitly
defined) HBL. FILLRT—#E, C++ Standard 8 copy constructor X 4+2% trivial F
nontrivial . HFE nontrivial NELAK A SHERTERFZS. E—F copy
constructor JE 2y trivial MIAFHETE T class BREBIHFFIBR “bitwise copy
semantics” . F— I H A “class BRI H bitwise copy semantics” iX A% B AT
AR

Bitwise Copy Semantics ({i7 3 EXREMN)

T TFHENEFRFEP:

#include "Word.h"

Word noun{( "book'" ):

vold fool()

{

Word verb = noun;

// ...

RIAE verb BRIE noun RXYIEWN . BREMKFEI class Word BRI /Y,

BAVA ] REF X N2 RAEMFEFAT . IR class Word IR B ENLT —
4~ copy constructor, verb KHIHRABESTEAE. BRI class BAEE X
explicit copy constructor, Bl ARG A — M amiFRHRE M LEB EAR? XgiE
W% class A RI "bitwise copy semantics” TE. BEMTF, S THE class
Word F5BH -

T TR A bt E e e - o YT EMPLA T 4R — ¢ -
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REHEE C+H XNRER (Inside The C++ Object Model)

// AFEBEIT bitwise copy semantics
class Word ({
public:
Word( const char* );
~Word () { delete [] str; }
//
private:
int c¢nt;

char *str;

}:

XMERTHATES HH — default copy constructor, H 4L 4 75 BH & I
T “default copy semantics” , T verb WHHRABIFLRATEL -/ REIFF
W78, R, R class Word X B HH .
// ATFEBRFABBY bitwise copy semantics

class Word {

public:
~Word () ;
//

private:

int cnt;

Tt el e e T
g e Fs
e e s Ar e ol
"
} y

Hep String BB T —4 explicit copy constructor:

class String {
public:
String( const char * );

o N
G i gt 8 T Ry o b L e R R At e o N T i) ) o e Ty
A o e o e D e e e e Dt Tl g0 .-
A . R P e

L ' s D . TP Lr,

...........
R A e ol ol MR G e L

//

};

4 HR, BENHITHEN class Word N EETIRIEBE. W4 local object verb
global object noun EEFRIMHMFEINFH B . FHiBY foo) ZHI, local object verb & 17
destructor, T 2FF BEMEX, global object noun M ILIEHE — M TLE X 2. member str 1§
HEREERE "B class #BiFFELIHE — 1 explicit copy constructor LI B  default
memberwise initialization” MEE "AAFELEN" BRZ . RAXM “BEHF—1 copy
constructor ImiFRF S MK BAXR.

= T h v TARA NIRRT FOR Te m Amfn Aa 4 o S RO R AW U T Tl MMM s 2
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E2H WiER¥PEES¥ (The Semantics of Constructors)

EXTERT, WFHRLTE L — 1 copy constructor DA{E 18 member

class String object HJ copy constructor:

// —TEHEERE R copy constructor
// C++ {hEY

inline Word::Word{( const Word& wd )

{

str.String::String{ wd.str };

cnt

H— RIRETRH

wd.cnt;

EE: EXHHE LR copy constructor H, INEE ¥, o4

BIHF%R nonclass members WERSH E H, FWFRAIFFRIGH — k.

AL Bitwise Copy Semantics!

fF A8H& — 4~ class RRILE “bitwise copy semantics” BB ? 5 PU 1§ 4 .

1. 3 class & — 1 member object MG HE M class FEHAE — 4 copy
constructor B (AR RY class Rt HFHHM A, MWRWEN String
A, HERBHRIFH/AMN, B class Word TREE) .

2. 34 class &8
(BREWE, FEERSHBEHREMSRTE) .

— 1 base class /G EHFLEH — 4 copy constructor B}

3. 3 class AT — L virtual functions 07 .

-
peiin

4. 3 class JRAE

—
—

Bt .

— YU EBEE, HPEHF -/ LA virtual base classes

HTIP R OLF , g0 430018 member B base class f “copy constructors 18

2k,
9 at

HBIE" ZIEPIHW S MH copy constructor 1. Bl —F5 class Word B “2& iiifi{8

1K) copy constructor” TEELIUEBATENR 1. M 3 f1 4 HEEL, ERETXE

s HEHE .

UELRY E et e A W T e A —— — s
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FTEHRE C++ XNXRBER (Inside The C++ Object Model)

&8 FigE Virtual Table V3%t

ZooAnimal

‘ Béar I

a9 BAR R B DY IR B1E (HEF -1 class FH T -TEE D

virtual functions ¥ i)

m ¥ — " virtual function table (vtbl) , & —T"HFHEAHB virtual
function R Hb HIE .

PHL

B M — 1 +5M virtual function table 5%t (vptr) , £ EE — 1 class
object N.

BER, WMRGERXFEH - NFH™ER class object B vptr ABER TN E
iR HyME, BRECTHNER. B, S9F8F A~ vptr | class
FEF, 1% class BLAFEEM bitwise semantics 7. BE, FiFSFFESHLE -1
copy constructor, PASKH vptr &M vtatk, THERERADHF.

i

B, BEXWIN classes, ZooAnimal K Bear:

class ZooAnimal
public:
ZooAnimal () ;

virtual ~ZooAnimal () ;

virtual void animate () ;

virtual void draw();

/]l ...

private:
// ZooAnimal B) animate() Fl draw()

// B BRI
};

class Bear : public ZooAnimal

public:
Bear () ;
void animate () ; //#E: BRHAE virtual, BHSER virtual
void draw(); //%FE: BARBHE virtual, EHER virtual
virtual void dance () ;
/...

- CemmRR ey TEmnSs e —s s -
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F2E MHBERPIEE¥ (The Semantics of Constructors )

private:
// Bear HJ animate () F draw() Hl dance ()

// BT EREE

}:

ZooAnimal class object LAJA— Zoodnimal class object YEX#FE, & Bear
class object L1555 —~ Bear class object YEB¥IME, #FLLIEHESE “bitwise copy
semantics” JEA (BX T RIBES AW pointer member 2 4h. BT B4k, X Fbf R4

EHIER) . #40HTF

Bear yogi;

Bear winnie = yogi:

yogi R default Bear constructor FJ4H4k. T constructor H, yogi K vptr
HBETEM Bear class K virtual table (SEHIF[/EMMILTR) . HiL, 18 yogi
B vptr {H¥ N winnie B vptr BE2H.

R

S

e virtual table
| vp_tr w7 for Bear
o = :' _ - .
Bear yogi, - |
® f
. ,
| = e S Bear::animate()
- ey '/J ._F_! | :
| vptr - e
Bear winnie = yogi Bear::draw()

Bear::dance()

= —" base class object P} derived class B object P4 Ia4L MR 4ERT
H vptr R AR NFTRIEESL, Fiin.

ZooAnimal franny = yogi; // i¥HE: XLREYTH (sliced) FF
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HWERE C++ XRBER (Inside The C++ Object Model)

franny B vptr AR]PLHEIR EFS M) Bear class B virtual table ({B 1R yogi 1

vptr # E % “bitwise copy” BIIE, MSSBWER) , FNLTHEHEFFEPH
draw() BEVR T franny #WEH LT, e "R (blowup) S:

vold draw( const ZooAnimalé& zoey )

void foo () |

{ zoey.draw(); }

// franny B vptr f§@ ZooAnimal M virtual table,

// TIE Bear # virtual table ({f

ZooAnimal franny = yogi;

draw( yogi }:
draw( franny );

vogi B vptr &)

// W Bear::draw()
// WA ZooAnimal::draw()

ot e ..."' = e e R '-:'-+ 2 o i = - = e e o .
e e e T st e R e B e e et e - L : et e e = :
e S R, 1 T ] i 1 e T R e S e Wi TR PR e S =
x el o x Foe 0 i e L ey ey | . n- o
e - S 1 s . ! i . e | -H & ol e BEREE T T e o e :'\._E- -'-. "
X i e ; L . : LM P ﬂ- o3 P L
L A L SRR et HRLEE B S L und ool el 4 . T ot i ¥ 3 Ll Al
4 . i 1ae S e h I e S :&:-.\_- : 5 e = gl o0 - B = ik :g x s Tk LR I, b el
= o Tt B I - a . o = - e e T e -
< Faer & - e el - o 2 E i e H
& ] ._.H.?- g - '!: _:d:..' "l '.I - :!- . 1 hid 1 W = H e E e ol i, | g R .
i i . : . . H . e F - o " T ey
:' - 'E_ 1'. i i o __:'E_.:- o = et X _.::-._:.. . . 2Tl 5

i

virtual table

for Bear

vptr -—_—

== ,..--_..,-'I"-m-...-—"'"-'—"'i

Bear yoqi;

bt 2 A g e =i
T "_::]'éig_ﬁ-:..%#hﬂ s

| ——

A . fo
fr: "-"F:"tr - —

virtual table

r ZooAnima

| ZooAnimal franny = yogi:

PR : :
e

iy "

TT

-
‘ Bear::animate() I

- -
Bear::draw()

s
M

bzt g

5 & franny V@ H virtual function

draw(}, W,

s
Bear::dance()

[

ZooAnimal::animate()

ZooAnimal;:draw() e

1R ZooAnimal EAKTTIE Bear Lk (&

Z B franny RLA Bear object yogi fEX¥E) , BN franny B—4 ZooAnimal object.

‘$i_l:,yogf PN Bear F5r D8 A

E franny FIRRACIT BT R (sliced) B T . IR franny B

MU — A reference (RINETR— A4, T

Fr AN draw() A LR Bear WERME. XOFE 13 7

THEA yogi 9MaHL) , AL franny

bbs.theithome.cornl
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B2HE WBEREPOE E¥ (The Semantics of Constructors )

R, S REXRKE Zoodnimal copy constructor 2 BHHHIE E object K
vptr $E18] ZooAnimal class B virtual table, T AR BN A FLH class object
R vptr BUEE DLad k.

QM Virtual Base Class Subobject

Virtual base class RIFFEFT ERFALE. — 1 class object MELL B — 4
object YE X ¥IME, Mij5&EFFE — virtual base class subobject, BBAH L  “bitwise

copy semantics” R Z{.

F— T EaeXt T BRI RE, BRRUHIL “derived class object
FHY virtual base class subobject {7 &~ FEHITHIRMAE R Z Y. 4P “UIHxE
H” RmEHRMTIE. “Bitwise copy semantics” [ BESBIRXAMLE, FFLIS*
s AEE B CEME KA copy constructor FB PR . 2ANF, ETHEKE

BHeR, ZooAnimal W3 Raccoon M)~ virtual base class:

- class Raccoon : public virtual ZooBAnimal {//i%¥¥: raccoon, I
ZooAnimal fE

public:
Raccoon() { /* WX private data #¥{H */ )
Raccoon{ int val ) { /* ¥ private data ¥I{H */ )
/7 ...
private:
// BRRLER B
}:

public] virtual

I Raccoon I

MFRITTENKRTE (HURAHA Zoodnimal 8 default constructor. X
Raccoon W vptr ¥k, AL Raccoon 8 Zoodnimal subobject) ¥ 223
FEM 1~ Raccoon constructors 2, B H %L EEBA .

B 4" memberwise FIEEIL"UB? M, — 4 virtual base class BJFEZEL{H bitwise
copy semantics &R . HK, [HBIFRELETF “—4 class object Pl 5 —PRIAEW
object TENMME" ZBF, MBREETF “—4 class object P derived classes B9E
1~ object 1ER¥IME” Z8F. B0, ik Raccoon object Bl—4 RedPanda object fE

e IR 3 r L e IS AT, A A, ey
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REHEERE C++ WRER (Inside The C++ Object Model)

ZooAnimal

publiﬂ virtual

Raccoon

public

lRedPandaI

58

NHME, T RedPanda FRRIIT :

class RedPanda : public Raccoon { // i¥Fif:. RedPanda, KB

public:
RedPanda() { /* WE private data ¥EH */ )
RedPanda({ int val ) { /* WJE private data ¥ */ }
/] ...

private:

/1 B B B

HKEBERE—IX, WRP — Raccoon object YE X5 — Raccoon object K]
{5, B2 “bitwise copy’ BIELEF R T .

// BN bitwise copy BKEH T

Raccoon rocky;
Raccoon little critter = rocky;

PR 2R EE LL— 1> RedPanda object YER little critter BHI¥IE, HmiFasV
AN “REURFREEFRE Zoodnimal subobject R REW EH AT

(X — P EERIEF R ER) -

// WEHK bitwise copy A,
/7 BRFFLMPHAKE 1little critter ¥
// virtual base class pointer/offset #jigih

RedPanda little red;
Raccoon 1little_critter = little red;

EXRIFL T, ATREERD little critter FERE, HIFRHBA R -
> copy constructor, %iE— LR LIRS virtual base class pointer/offset BI¥{E (=
HEREMBECRFEHEN) , W8~ members ITHEM memberwise #]
L BRAME, URPITHENRFEMRETAE (3.4 HXFF virtual base classes & F i
MHTTiIe) .
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$28 HBEBRBUIERZEY¥ (The Semantics of Constructors )

ot ALRBUFEAHERAICWI lirle red 51 lite crier % 5

ZooAnimal
(zh¥)ld 2 1zh%))

Raccoon

Lo e

-hédﬁanda

b= 5
( A REAR )

~.public virtual

public

ETHAFRT, ¥ HIE

A e ok B

Hihk

object, R FEM — 1 derived class object:

= . Raccoon
| . | | subobject

Raccoon little critter = little _red

2% “bitwise copy semantics” B RFE,
(BEBEWMAESTI) Raccoon BErRERRM— N HIER Raccoon

// BB bitwise copy FIREWS A, B A[EEAGE

Raccoon *ptr;
Raccoon little critter =

XEF-1THEEE: S—- 1T 0REBRIEFE

*ptr;

HIR R E " bitwise copy

semantics” AYIRESHT, WMRMmMFHEDRIE object HIEWTMAHERNW IS EIE,

EHEMNMIZEM copy constructor HJ 1,

1, MERF=ENRFRBENL? 20

4 B copy constructor ZF, BB

tE,

IR REHRF, AT FR G H

K. TR copy constructor &M class Wit ERMNVE? XE— A FIUKE

H, WEET - FERAE

Xt L.

UEHEITEGE:. BINELEFEINMER, EPEHFHRT class RE

} R FF

“bitwise copy semantics” , 'ﬁﬁﬂ‘default copy constructor IR AKX EFHKIEF, &

#4852 nontrivial.

bbs.theithome.cornl
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FIRE C++ WNRBREE (Inside The C++ Object Model)

*

SRk T EWRALTE “DI— 1 class object YE N B — class object K#IH" , &
ME B — copy constructor. T — TR iL4%iE48 1A A copy constructor fJH
B, DA R X S g AT 2 R AT T AE PP

2.3 *%F?%‘Hj%% ? ( Program Transformation Semantics)

CHTHEERFHE:

#include "¥X.h"

X foo()
{

X XX;

/7] ...

return xXX.;

— P AR ML LT R

1. 8K foo) BEM, BERE xx #I1E.

2. R class X € X T —1 copy constructor, ALY foor) HFERAN, &
ilEi% copy constructor & #

F— TR ELHE, LM classX WTE XTE. 2 MRIFH EEH,
SREFETLAWR class X WAEXTE, (BREEZERRIFRE C++ GRiFHF
LR B TR B (degree of aggressive optimization) T iE. REZ DRI
E— A E MR C+ GiFRT, ERPKRITT class X B nontrivial definitions
#HALER. LT/HATEiHeHEER.
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F2E WiEREFIE B (The Semantics of Constructors )

BTV B H 22 YE (Explicit Initialization )

B A X E X

X x0;

THA=TEX, §8—1"#HHEEHL x0 KFHILHE class object:

void foo bar () {
X x1( x0 ); // FE: BXT x1
X X2 = X0; // VEHE: BXT x2
X x3 = X{ x0 ); /7 FE: EXT %3
/] ...
}
VENEFELER B E:

5 -TEN, HTYWUHRCRESERE. OGFF XBEFAEMN “T
X7 B LW xI, x2, x3 Z17; EZ#EN C++ BAimd, “EFX” £
B “HHAE" B17R)

2. class B copy constructor 1A FABES ¥ it &=

=N
trll

119 3

B0, EHBEN BRI ZE, foo bar() FIREERRGXEE.

// TRERFEH
// C++ {hHY

void foo bar{) ({

X x1; // FHE: BEXWES, WHAREGEIHR
X x2; // FHE: EXEEY, OHARERHR
X x3; // ¥E: EXHEES, WHRERIR

// BIFRER X copy construction WiEF#H4E
Xx1.X::X( x0 );

x2.X::X( x0 );

X3.X::X({ x0 );

/] ...
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RERE C++ XTRE (Inside The C++ Object Model)

HAHY:

X1.X::X( X0 };

MEREXTLLTH copy constructor B

X::X{ const X& xx };

BN H, (Argument Initialization )

==

C++ Standard (Section 8.5) ¥t , £ — ™ class object UMMBEAEH — PR E (K
BEAN—TREBEEE) , MY TUTEXWBHIERE.

X XX = arg:

b

K x AREASH (BREE) T arg REEENSHME. i, £2
X A~ BRI X

void foo( X x0 );

—F 4|ﬁ*¥ﬂqﬁ; i ﬁit-

X XX:

/7.
foo{ xx );

S EOK RRBSLAR (local instance) x0 LA memberwise B ZW xx M4 ¥1{E .
EgFFLHARARL, F —FREZEZFAMBRERE object, FEMA copy
constructor H'EXIIH, RIGHIZEIHE object AL WA Bl T — BREFA
MEEBINT .

// C++ {hhY
// RiFRRITAEL KRB ER TR

Y X tempO0;

// GRIFEIFI copy constructor HE

__tempO.X::X{ xx )’

- wo=t - e e el . P e TR AL P 4 - 4 TP Flnl-
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28 HER¥IEES (The Semantics of Constructors )

// BFREERBEARIE, DAEE A LR XR
foo( _ tempO );

RMXFERFEBREMT —LRME . REHBRERB TE? G5B EE foo)
HIERH . BB object %CLA class X B copy constructor [EMHBIRE T HI{E, R
JFELL bitwise 5 AXFE N E] x0 XNREPSLES . W, HiVK, foo) HIFEBET
WA EEN, EASBLTMNRELE —1 class X object B R —1 class X
reference, HRiXHE:

vold foo( X& x0 );

HA class X FB T — destructor, ERFE foo) RMETERZ/SHIEM, ST I
MEBTHER) object.

B-MEIGTERU ENEWKE" (copy construct) M HRNIBLEFESHER
EWELXNZHNVEL, ZUERKRPENEEMARICF TSRS . £&
¥R M ZHI, REBXTH (local object) B destructor (UNRABE X HiIE) S8 HF7.
Borland C++ s Bl B 0E ALy, BERRE—THFRR, ALIEEHN -
W, DEMKEHEERE.

IR OB+, (Return Value Initialization )

B A F T X TR EUE X

X bar ()

{
X XX
// AbEE xx ...
return xx:;

;

RAI BB 0] bar() KR B E AT BERXTE xx B Dl i3k ? Stroustrup 7t
choat PHIBR TR — DI B4k

1. BEME-THISEH, KRR class object ) — I~ reference. X &

wON TN e el e A N AR T -~
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EKEHRE C++ XRER (Inside The C++ Object Model)

¥k AR ER “¥ N #H (copy constructed) 7 T 7% AY IR [ {H .

2. T return L5 Z W& — ™ copy constructor 1A FHEEIE, IEWH KL DR
Z object I AEAB L FHIESERFIE.

BEIEHREERTA? B —THUEBIESETUERE, AL E{T{]
BH. BIEXERNEE, bar) B#HINT:

/] RPFE#H
// UURBHY copy constructor MWK

// C++ 1THES
volid

bar( X& _ result ) // i#HE: ME—-FPHSISH
{

X XX;

// FIFENITAEN default constructor VEE#4E
XX.X::X{);

// ... AT xx

// GmiERT 4L copy constructor HAHEEAE

result.X::XX( xx ),

return;

l

BEGF I L NEBRE 1 bar) WRBRME, LIRBEFHEX. #lan.

X Xx = bar():

HHEBRNT I8 2R

// B, ANUOREFT default constructor

X XX

har( xx );

bar () .memfunc(); // i¥E: 4T bar() FTIfERIZ X class object B

memfunc ()
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H2BE WEEEIEEY (The Semantics of Constructors )

AT HE LA -
// 4R PFREBT A WO X B
X  temp0;
( bar{( templ },  templ }.memfunc();

RIFFEHE, WMREFFEHT — T RBESH, BRXH:

X ( *pf ) ();
pf = bar;

EMLEFHELA:

void ( *pf ) ( X& )
pf = bar;

T {EH B BE /UL HA, (Optimization at the User Leve!l)

FABE R VEIRE & Jonathan Shopiro! YT TR bar() XEERIEE, BEEHE L
BEOMAT IWME: EX - TTER” B constructor. BANFEHBFER AR
B5:

X bar( const T &y, const T &z )
{

X XX:

/7 ... Lhy oz kb xx

return xx;

}

& BSK xx #f “memberwise” Hi¥E N B GiE B ER  result ZH. Jonathan
SE X 53— constructor, A] PIEEITH xx KE:

X bar( const T &y, const T &z )

{
return X( vy, z )

}

PR3 bar) WEXEERZIE, BEQLES.

65
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HERE C++ XXIRBA (Inside The C++ Object Model)

// C++ {HEG
void
bar{ X & result )

// ¥ E: EITRAEMNNF bar( X & result, const T &y, const T &z )
{

_result.X::X( y, z );
return;

_result MEHEFEITHE K, MARLH copy constructor # J1M18! A1 X f
BRFTEZE T RMMIE, MBI LLFRITE AED constructor ATRES KB HL .
EXTEELE, class RITTRUMEZEBRE L, MARY “IR/FMENL” HiLk.

Eﬁ&%% @M‘UE‘H:, ( Optimization at the Compiler Level)

E—U0 bar() XHFIEREF, TEN return 85 FRMEMEZB1E (i

;¥: named value, FHBEE TR p64 B xx) , HtSiF B A EB O ML, &
ERD resuir 28EUA named return value. FIINTFEA bar) B X:

X bar()

X WK;
. WbE vy

reaturn XX
1

voLiad
bar( X & result )
{

// default constructor #1EH
// C++ {HF5

__result.X::X{();

// ... BELAE  result

return;

R L L e e I
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F2E WERPIEEY¥ (The Semantics of Constructors )

XH R HFR L ERIE, FISEEFR A Named Return Value (NRV) {fi4L,
£ ARM Section 12.1.1.c (300~303 T1) PHHIR. NRV RALNSBA K 25

H CH WS- MU ATFN U BFEF—BARARTRETHER T ERXFE
ZHbe AT X RBYBE A IR, H R T AR

class test ({
friend test foo( double };
public:
test ()
{ memset( array, 0, 100*sizeof( double )); )}
private:
double array([ 100 ];

};

FEHEERUTER, BE. Bk, HEE —4 rest class object:

test
foo{ double val )

{
test local;

local.array[ 0 ] = val;
local.array[ 99 ] = wval;

return local;
}

H—1 main() BRERH LR foo) B¥—THK:

main{)

{
for ( int cnt = 0; cnt < 10000000; cnt++ )

{ test t foo( double( cnt ) ); }

return 0;

}
[/ BAMEFHNENREETERF 10000000 K, BK&4—/ test object:
// B test object BB —/H 1001 double M. AN TELE

// FHMEA 0, REF #0 fl #99 mwEDITEFIT B M(EE N3

XPMEFRSE—MRAERELME NRV 84, EHH test class B~ copy

constructor. 3 /KA I E — inline copy constructor H1F :
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HREHR C++ R (Inside The C++ Object Model)

inline
test::test({ const test &t )

{
memcpy( this, &t, sizeof( test ) ):;

}
// FE: METHE class test BFEHP M- member function fF

// public:
/7 inline test( const test &t );

X copy constructor BB ET C++ HiFEHFH NRV 4. NRV {f
HRIPATHAEL BN TERER. TEERRMEE (B THRENR
F, A—MIBEENRIFREARMESRANEEER) .

Named Return Value (NRV) £ 4

R NRV  SCHE NRV  30H NRV+-0 (iF%: -0 Emfbik)
CC 1:48.52 46,73 46.05

B NRV L RETEENREYE, EOREZHTE. HP—IMERE,
R FFRRREN, TERTENETHR, A +0E¥E (HARLVERT
o HIIERE, REEFXI) (FERTR) . E-4AMNEREE, —HEX
AREBER, HAERTHBLERMELUEIT. £ cfront 1, REYHFAK named
return ¥8 SR KETFERBE top level BF, LA MIT. WWEFA “a nested local
block with a return statement” , cfront LI BELIXCH. FEBEFRTHY
FTRXMIFANIZLL “#BRIL B constructor” FREEA Y .
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w0 & My BRBE &2¥ (The Semantics of Constructors)

(NRV) fiif

Named Return Value
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BEERE C+ XREE (Inside The C++ Object Model)

LR AV B CO B R ¥ a8 Al SEER ATt R . B=H0E N E
MR AFEBR. FEEFRAENASEXRN ARFSIAL, RAEGARES
4B? BRIRCEZFZYT TIRH copy constructor FJRES, R “LL copying

l-Jll"'"

HR =L~ object B> , XFRHIAH destructor, #Fu0:

void fool()

{
// ZBEHFBH -1 copy constructor

X XX = bar(};

/] ...
// XBWHAH destructor

}

EHEER T, SREHREAITET: EFEALEDHR, HELERY. @
EHRFEFRERNEMT copy constructor WIFRAMAX R EHD? RS, ¥
JH copy constructor £ “object EZH copy MEMHEWBHL” HERT, —F

L E g

AR TREN SEFFTRSBEL RN KRB . #il, BRTE
= MR L%

X xx0{ 1024 ) ;
X xx1 = X( 1024 );
X xx2 = ( X ) 1024;

BREFEZFTAE=17F, BEHBHRE TSR H L ERE

1. B —PNEIH#HH object RULFIE 1024;

2. REEHR object PAIE NI EME FFXAIEHN explicit object B ¥I{H .

AT, xx0 BREHE —B constructor HEVER EVI{H -

// C++ HHY
xx0.X::X{ 1024 );

M xx] B xx2 AW AP constructor, 4 — MRS object, FEEFXTi% B

© e i, AR DT AT O W
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F2E WEREGEEY (The Semantics of Constructors)

object VA class X B destructor:

// C++ thi

X  tempO;
__tempO.X::X( 1024 );
xx1.X::X{( _ tempO );

___temp0.X::~X{);

Ct+ IR RS CEINET “HIBR copy constructor 1 FHRIE” 4 H:4t.
ERTENZ, ZRESBBEREHRIL. R, KB Josee Lajoie (FERLE
¥%, FI#RE Core Language group /) WEE, NRV (EHLIEREE, AN
iZRE. REHEXTITHWCR2EH RS PESHBSENTAER: BF copy
constructor HJHIBRTE “# 1 static object F local object” BFth R iZRESL? Ik,
CATHERF K-

Thing outer;

{
// BIPAARIMHEE inner MG

Thing inner({ outer );

inner NLZM outer T NMIERNK, KR inner BILIRRHM ZIE? XHE
1Y (=] AT AR R CI b FE ) ZE A 3% static extern objects ¥ MM BIES |. KW
Josee HIF I, BEIHBR static objects Y copy constructor, JLEA]UH E B A ft
VFRY. 2T automatic objects Tl inner, W FRJLIL.

—RBRME, EX “BLl—1 class object ¥E % —4 class object BI¥I{E” M1
B, BEATRESFRENEHEZETH. RS YRESHVEHAitE
HERBREN. RESWERRESLZLHBRIRA copy constructor 1 BIE .,
W BT RE

71
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xEHER CH WMREE (Inside The C++ Object Model)

Copy Constructor: 2 A AR ?

il
iy
N
K

SHFEA 3D A

class Point3d {

public:
Point3d{ float x, flcat vy, float z };
/...

private:

float x, v, Z;

— — ——

};
XA~ class B THE B iZ# 4t — 1> explicit copy constructor 14?7

b3 class B default copy constructor M4 trivial. EEEERE L/ member
(2% base) class objects #r 4 copy constructor, W& F{THY virtual base class
virtual function. BTLA, BRIAEM T, —1 Point3d class object B “memberwise”

WITEBIES SR “bitwise copy” . XHMHRBE, HELWL9

BRI yes. = MAIR AL 51 R DA BE R 7F . bitwise copy BEASHFE memory
leak, W ASF=H address aliasing, HERRHHE X L4£.

A, ZA class B ITHENVIZEME— explicit copy constructor AB? HR¥ AN
MEFXNAB? ERYABRHAZBE no. BETMEHERBLE— T copy
constructor BRIFSEAS, A NidaFH B MRS T RFHITH. tLEER EE KA,
IRARE N R BN class FEKEH memberwise ¥ EESE, BIINLLEME (by
value) BITNAZ[E objects? WMREBERRE yes, AR —4 copy constructor
explicit inline PRBSHAMAEH & H—7& "R AFHEM NRV 4" TR T .

B0, Point3d S+FF M — 40 B .

Point3d operator+{ const Point3d&, const Point3ds );

Point3d operator-( const Point3d&, const Point3d& );

Point3d operator*( const Point3d&, int );

T T T T e TR N R ks e
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B2E HERBIEEY (The Semantics of Constructors )

BT A0 BR FERRE 8 B IF HBFF & NRV template:

Point3d result;
// ITHE result

return result;

SEH copy constructor Y& & B B AR IX R

Point3d: :Point3d( const Polnt3d &rhs )

e
|
H
o g
€5
>

N
Il
=
-
"
N

X& A, B A C++library ) memcepy) S EFHHE.

Point3d: :Point3d( const Point3d &rhs )

{
memcpy( this, &rhs, sizeof( Point3d ) ):

};

RMAEEH memcpy() H memset(), ERELE “classes A& {F{al 1 4R1F 55
FEHERIAER members” Bf A BEHBOZIT. MR Point3d class HEH—A— AP L
1Y virtual functions, K F — virtual base class, A LARREEHSSHIT
B "WHRIERTERNPIES members” WHEBEKE. M, S TFEEH.

class Shape {

puelic:
/] BEK: XESHMEHRE vptr
Shape () { memset( this, 0, sizeof( Shape ) ); )

virtual ~Shape();
/] ...

MiE s MM constructor V' HWIN A BT B RBE.
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EERE C++ WREBRE (Inside The C++ Object Model)

// ¥Vikal constructor
// C++ {REY
Shape: : Shape ()
{
// vptr LAAEFERENRIBRITLIAARERS

__vptr Shape = _ vtbl Ghape;

// BEL: memset £¥ vptr H O
memset{ this, 0, sizeof( Shape ) ):

};

WRET I, ZEIERER memset) F memepy)), THEEFLE C++ Object
Model RJiEEFEHIR!

=

copy constructor IR F, BEFRIFLR L LD /PIHRBTE R EERT 51 .
HREY— R LLFE{E (by value) B AAEE —4 class object, TiZ% class &
— A copy constructor ( AIEEMTE XY, WESHRH) iT. IHIFBHER
RRFEL—RSERBRE EME A L. WIMRiERH 14 copy constructor HY
ARBRERL, U1 NE 28 (FEEERFRTHS) B NRV. &
FRINE THEIFLER, DLRE copy constructor (4L /5 IR REIRAS, ML ERESE £
w9 FF R AT ROCR .

2.4 E-(:_l):_..ll__“r—_l BS?D DZE‘]\‘H:, BA “ﬁ ( Member Initialization List)

UIRE T —4 constructor B, fREVSIXE class members WHFI{H. BAE
22 member initialization list, X2 1F constructor ERE A& . B T AMEM,
R R EASE .

Az, BELBEEFEMIME A initialization list AFE N, RIGEBE list
NN EFRIERMT 4, RERITEHXERF — BEVWHKEBE.

THHELF, FTIEHRMNBEFEBSEMARIFE, ROAHEM member

initialization list:
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F2E MERFIEFY (The Semantics of Constructors)

I

. WA — 1 reference member 87 ;

=

2., YW —1 const member B

3. YK~ baseclass B constructor, MEHE —HS .

4. LA —1T member class & constructor, T E A — 4H S ¥,

FEXVUFEO S, BRI EwmEFT, BEMELRE. .

class Word ({
String name;
int cnt;

public:
/! BRER, RAERKE. ..
Word ()
_name = 0;
_cnt = 0y

};

X B, Word constructor &5 — MR String object, RIGHT ¥
wie, BLL—1 assignment BHEFFWEITE object TEEL name, REEHRYK
I object. XRMBHIG? RKATEE. iERLT-4E - ELL? BR
HiiE! PATE constructor ATEERI R Y T 45 B

// C++ 1H%5

Word: :Word( /* this pointer goes here */ )
{

// WA String B default constructor
_name.String::String();

/] FHEEREIR
String temp = String{ 0 );

// "memberwise” M#EI name
name.String: :operator=( temp );

el

/! REBUE T R
temp.String::~String();

_¢cnt = 0;

O P —Y DS - .
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FIRER C++ XRERE (Inside The C++ Object Model)

¥

MEFREXEEEHBEZ, B - THEEFRENLIATE:

// BAERY R
Word::Word : name( 0 )
{

_cnt = 05

}
ESET KB T

/7 C++ {HES

Word::Word{ /* this pointer goes here */ )
{
// VWA String( int ) constructor
_name.String::String( 0 );
_cnt = 0;

Wi —id, FEBRETTEEREEIMERD template code H:

template < class rvpe >

foo< type >::foo( type t )

{
f/ AJHER CHFREARE) TMFER
// W ype MIH ERRITE
L=

}

R RERF R+ PR F R R AK member ¥IRILBRIENLTTE
member iniualization list PSEMN, EREER — M7 AR EFH member 11 cnr:

// %R R B XU
Word: :Word ()
: cnt( O ), name{( 0O )

{ }

X ERNMAZEER L — 5 EA A : member initialization list B3| JEL %
EAAFE? T2 C++ FFEXT list MIEEBRI AR, IREUNT R —HF
BIEH. YREARR!
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H2B HEEPOEEY (The Semantics of Constructors)

Mi¥ess — —#4AE initialization list, DA1& H K FTE constructor Z N Z ¥ IE
L #4E, I HEE(LA explicit user code ZHI. 0, 5ERIH) Word constructor #f
¥k

// C++ ThiY
Word: :Word( /* this pointer goes here */ )

{
_name.String::String{( 0 };

_cnt = 0y

MR+ e e W, EEEXRBERREAE constructor FHEE cnr WMH. BEL L, F—
AW FEFEE: list FRTHKFER class FHJ members & BA K FF ik
i, ARH initialization list PRIHEFIIRFRE . A B Word class F¥, name
HEHT ot ZHI, FTLLERBIHRIE LB R.

‘WA A" H “initialization list PRINE HEAIRFE” Z BRSPS FL
SEFNTHEERINGE:

class X |
int i;
int j;
public:
// BEK, FEHEBETE? (FF)
X({ int val )
: jJ(val ), 1( 3 )
{ }

ik LBEFAEEEREREER j ByEN val, B  BYIEY ;.
nJEET, BTHABHKFHZE, initialization list F K i) HZH jval) BRI

7. BEY j —FREAWE, L ig) ORETEREH i TETMEME, A
BREFI— A TR T,
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EERE C++ XRBLA (Inside The C++ Object Model)

XA TRET REERET

LEHB, BEB B IER R AN

TIRABESHMELFR., HERNIZLE —-1TE
A — iSRS (g++, GNU C++ HRiFEHR6) M

FiX— s . REBWUFRBRAE 1 member BMAWHLERIENS —MBE—E (F

REWNEBVLEMNIE) , BIE constructor Z W, RiXHE:

// HWEZIBEERNH R
X::X( 1int val )
: J( val )

EiE: AAEREFEHNESENER RN EERE —TEFPE, iR

#0001 #include <stdio.h>

#0002

#0003 class X {
#0004 public:
#0005 int 1i;
#0006 int j;
#0007 public:

#0008 /7 BEK, {RF L& T

#0009 X({ int val )
#0010 : 3 ( val ),
#0011 { }

#0012 ;

#0013

#0014 class Y {
#0015 public:

#0016 int i;

#0017 int j;

#0018 public:

#0019 Y( int val )
#0020 : J( val )
#0021 { 1i=73; 1}
#0022 };

1( 73 )

S
HE

// AP Bk

// BRI EE

6 REME, EHXIBEHENMALEER, £HL LA - /NBXF (FREBERF
FH] C++ Report T4=2) ZHI, fAIHEIRAS

ke L
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528 HERFUE T (The Semantics of Constructors )

#0023
#0024 main ()
#0025 {

#0026 X x(3);
#0027 Y y(5);

#0028

#0029 printf("x.1i = %d x.j = %d \n", x.i, x.79);
#0030 printf("y.1i = %d y.j = %d \n", vy.i, v.j);
#0031

#0032 return 0;

#0033 }

PATERUT

F:\lippman\prog\inilist.02>inilist
Xx.1 = -2124198216 x.j = 3
y.1. =5 y.3 =5

R xi PEARERIFEHEMN 3.

ol . o ey

XBEDF - -5 &R, initialization list IR B # 2P constructor
H, SEERFEETFL? YRR, B

// —F RN RS
X::X{ 1nt wval )
: 3{ val )

L

J WAIIE WERIF & T explicit user assignment BYE (i = j) ZMRZJ5? 11
RERRFREGERE, WXBHKRRY GF3F. EBYRLELESE i 9Bt E
# M) . RTX GRS STRIEHE, B initialization list HIIRN B 4 # 7
explicit user code Z #7.

FH-THERKPERE, BEGESS TEXAE, A~ member function LU
W E—1 member BJF{H.

79
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BEHEE C++ MNRMEE (Inside The C++ Object Model)

// X:i:xfool() #AMAH, XIHHFLY
X::X( 1nt wval )

» 1( xfoo( val } ), jJ( val )
{ }

(P xfoo() & X B)— member function. BRI yes, B e

e Z BT LA

mEER, BREARELHK—1NESE: EHEHA “EET constructor &R — 4
member” , MABEFR “FFET member initialization list P member” ., XN
55— member WEVME. HRHFAHE xfoo) X X object WIKEIHA LS, 1

L

RIRIE xfoo() WIE constructor &P, A T “BlEREEE— 41 member 7

PATHF R LYIME” XHFF, MR EARASREEEF AT RH .

- xfoor)

Member function I A2 SR (MARMVLTAEEEFHARN members
ERCHHEWNL) , XREE NI object XK this 4 DLW EWE Y, T

constructor KA 7 4.

// C++ fAHY: constructor YV XEGHNE R
X::X( /* this pointer, */ int wval )
{

1 = this->xfoo( val );

j = wval:;

&g, MR~ derived class member function #1818, HiRBIEBE 4H4 base

class constructor B — S8, B2 1.

// VK FooBar::fval() B [/AG

class FooBar : public X ({ // ¥H: base class & X
int fval;
public:
int fval() { return fval; )} // #TE: derived class member
function

FooBar( int wval )
:  fval{ wval ),
X( fval() ) // #¥: fval() fEH base class
constructor W&

{ }

} i
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F2E WERFIEEY (The Semantics of Constructors)

PRIANIT? XRE—NMFEEL? THEEAERY HER.

// C++ ThEY

FooBar: :FooBar( /* this pointer goes here */ )

{
// B EHEAR-TMHEE

X::X( this, this->fval() );
_fval = wval;

};

EWHEHAZE—THFIEE (FHBEXNT base class Hl virtual base class 1F
member initialization list "FHIFIZHREFESE LB EMGUEER) .

fRmE i, 9miFERS Xt initialization list — — Zb T3

F AT RE B R

THERF, DA B

members HIFEBKF. E 2% — L IEE) constructor R, H B TFAEM explicit

user code ZHJ.
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% 3 ¥ Data iIEE% (The Semantics of Data)

Data 1225

(The Semantics of Data)

ERRRKE —HRERENBETIRE, REALT A EXEE G &5

AL, R (BRBMESERR) e mE dREL— 1 “KIEK” library. £

3

KR TERIER, SR THBEHITERENN sizeof #58:

class X { }:

class Y : public virtual X { }
class Z : public virtual X { }:
class A : public Y, public Z {

bbs.theithome.cornl
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RERE C++ MBBIE (Inside The C++ Object Model)

ER XY Z A4 PEAEEM—4 class NEHBHEME, HERFERTHEK
XB. FFUREZLIRE— class BKX/PNBNIZE 0. MAAX! BIFER class
X E‘Jﬂ(d‘ﬂﬂﬁjb 0.

i DLFREBE visuval c++ 5.0 EMNHEGER

sizeof X WEHRA 1 5izeof }:-Lﬁ‘qu.p;;'i"i:jﬁj i
sizeof Y WERN 8 sizeof ¥ MEEY 4
sizeof Z WERN 8 sizeof 2 WIS N 4
sizeof A MIHRN 12 sizeof A HIGHR N 8

FAME p. g6 BNFETEH p. 87 B IE AR

ERIMKKEFEREE -1 class WEH, #RFFENAITAKBFLEER.

— A2 class fM:

// sizeof X == 1
class X { };

B FHARSH, TH—/REN 1byte, FBEBSIFREHE LN —
char. X HIXA class BIP)™ objects HUTEHRFPE EIR— T Rkt

X a, b;
if (&a == &b) cerr << "yipes!" << endl;

SR EERBRINEIREER, RPER Y Al Z 8 sizeof &R

// sizeof Y == sizeof Z == 8
class Y : public virtual X {
class Z : public virtual X {

}:

} s

EREERVESL, ¥ M Z R/DER 8. XNMKNDHYLEF X, LRIHF
wAX. BxXE VY H Z WRDZI=ZABEENEMNE:

. BEAESERATNNGIE (overhead) HiET X virtual base
classes B5f, M S — S H/1HH. & derivedclass B, X K418
RBEXMEABES & L, EHEIEE virtual base class subobject, &
ERM—-THXER: ERPHFEHRBYEALRR virtual base class subobject
Rk, MEHEMBE (offset) . ERGEEMHUHL, FILEE 4 bytes

.I_
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3 E Data i % (The Semantics of Data)

(BB E 3.4 Fitie virtual base class) .

l"l."

2. HMIFHFXT TR AARBEHOMILAATE  Virtual base class X subobject
B 1 bytes K/MLHIE class Y #1 Z H FE. F LEH#HAE derived
class HIB & (ARZE3)) HoEN. HEHIFRSI empty virtual base
class EFHRIFF (LITHE 3 SZ2EHN—-BXFEXN A LB EMN
) . REXENEHNGRIFSR, BAFRBEEXINIF A .

3. Alignment BJIR# classY Al Z B K/INEBZEZBE RN 5bytes. £ AkEp
e L, BENEGHEKRK/NSZE alignment BBRE, FT{IEB T
BERBMEAFPTHAER. FEXREFEENIS L, alignment 2 4 bytes,
FrEd class Y M1 Z WZUHFM 3 bytes. MABINERER 8 bytes.

%% alignment FASBERAERERNBERMS. &£ 32 itB4VL L, BEY
alignment 24 4 bytes (32 fi) , DIfE bus B “BHE" FIEENE.

1-¥}$ i%Li”F%i‘%FE Ll X Y, Z ﬂ%ﬁ'ﬁﬁl

by’[es derived class Y
4 ®

: char onebyte;
(because Y is empty)

virtual base class X

— :
char onebyte;
because X is empty)

alignment padding

bytes derived class Z

4 &  #

1 char onebyte; '
(because Z is _empty)

R AFERSRE RN F 3 .
21 members a] | LfH ) f
IHES 2K

alignment padding
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FTERE CH IWWRBE (Inside The C++ Object Model)

Empty virtual base class B4~ C++ 00 Bt —TFERKIET . Bt —
/> virtual interface, ®HE ALMBTE. KEMIWG R GFF) THBHET
¥eRabHE (3FF [SUNMa]) . EXITEEZT, —/ empty virtual base class #
LA derived class object LA —F4, BB REHEBEFERTMYTIE

B, XETE T LR 2 S/ 1bytes (iFF:

HAHEESRE T members, A AEFEE

AT empty class Tl &K — 4 char) , WA EEESE 3 ST 3 bytes I
Hab. RPE T8 1 S Fr a8, AHERT, Y ZHK/NER 4 THAE 8.

Wit Visual C++ BUE L3R — R 4a1%38 . REUFEREB Visual C++

T class X, ¥, Z MR-

derived class Y

(4 bytes) ® } T
—_ .

Visual C++ X1 X Y, ZHIAT 21
e — — -

derived class Z B

(4 bytes) : I |

L..? L virtual base class X subob

ject
= e

char onebyte,
because X is empty class)

MFRLZEMNBEERERHAT CH+ HRERK L. XMER N —B1H

RELTHRRZIE. SR ENZHPZEL RN, MAER (HHER) BT

=S, BENANLHE. mRET, BRETERBA DL RBIER, HE
BEMIESRTEH. EHANRE (BREHAEATEIRE) , ATHAZH
BT ES B —%84. Virtual function table B8R —PMFRIF, B—1HF RS2

EiTi6T 8 “named return value (NRV) {£4k”

bbs.theithome.cornl



http://bbs.theithome.com

5 3 Data 1IEE%¥ (The Semantics of Data )

B2, FEE class 4 PRPEATART BRUHE, FRHEE L OBRTE
RRGRIFRTTE . BT, FREERIMHRFEFALE empty virtual base class 47
. WERFENIE ¥ Al Z BE "HEEURE B class X, BAITJESEZE 16,
EBE Y Hl Z WR/NEE 8. BRI HIIINT class 4 WLl sizeof ZELFHT, 153
MERERE 12. BJEREAME?

icfE, — virtual base class subobject H<{E derived class A& —#5C

&, RECHE class AKZRP BT LD class 4 BIK/MNR THJLSH5E.

B R HEZWNHE — — D class X L&, K/MH 1 byte.

M Baseclass Y WK/, Wi ZE “[H virtual base class X MEE” KK/, &
K It 4 bytes. Baseclass Z WHREIE. MEXRZ 8 bytes.

W class4 HSBK/N: 0 byte.

M class4 B alignment B (MR EWIE) . TR=ZTSREG, ZRIEB
I RK/hRE 9 bytes. class 4 /B R 4 bytes IR, FFLUIEEH 3
bytes. Z5 R & 12 bytes.

RENMRKENIFZEIM "R 5IXF empty virtual base class 8 TAMHE” 415 58
WB? —ANAIE, class X SSAKKIHE 1| byte ¥ £, TRBIMNG 3 bytes AL
AT, BHIE class4 BV R/NER 8bytes. 1EE, IR FETHE virtual base class X
PIRE—A (BLL) & data members, FFPLRIES ( “FRELHE” ZH “BE
FRAHE” F) MerAat R eMEINXEERE.

C++ Standard I AR5FIHE LN “base class subobjects FIHEFIRE” 5% “ A [E]
FHERK data members WHEP| W7 XFBIBHFMY . EHAHME virtual
functions BY virtual base classes HJSZINAH Y. C++ Standard Hi: LT HEF
' wERE. REAEUEEHD, #EXSr “C++ Standard” F1 “HHTHY C++ 52
BARAE" PIRTNIE.

87
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FEEHEERE C++ WERWA (Inside The C++ Object Model)

7EX — &, class ) data members DA class hierarchy RO, — T
class ) data members, — MM H, FTLARIXA class £ FFHITHT A9 R0 AR
7 . Nonstatic data members W E KR " HIH class object” BMEBRIEIE, static
data members B EHZ "B class” BERHEIE .

C++ X FEEUI & LU 80 A7 B E LB F B KBl nonstatic data
members, 3 EEFFH C 1EF struct PHEEENREY. LB EEGFHRER
— A~ class object ZH . X T 4£7K M 3K AT nonstatic data members ( ANE R virtual 5
nonvirtual base class) M .. i FHE A RBIE BB HFTIMF. 2T static
data members, M BEFEFH — 1 global data segment F, AL F 8
class object I K/, ERFZH, AEZ class #EH L0141 objects (BHE
B SR #IRE) , static data members KT AFE—HEE (GFF:. EZEHE
i% class HE LM object L&, H static data members HEFFE) . BE— 1T
template class HJ static data members BT AREA AR, 7.1 THIFEHMNITIE.

}'h

4~ class object HMLIA EBE K/PUBENE AR nonstatic data
members. A B & HAH o] §E-SARIZ1E (EUHBvEEXEE) , HAEAEELL IR 4E
2K, FHEZ:

1. HARIFHEI M LB B data members, AU T FHEHEIESHFHY
B & virtual £4) .

2. A% alignment (R FAE) WFE.

CT1
o
Lil,
L4l

3.1 Data Member B’\J %E (The Binding of a Data Member )

#ﬁ ~ TH ﬂ&ﬁﬁ”‘t;ﬁg

// EA foo.h LI, WELEFTA

extern float x;
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% 3 E Data 8E%¥ (The Semantics of Data )}

// F&FF R point3d.h X/

class Point3d

{
public:
Point3d( float, float, float );
// [ WAZEMER R « BB —1 x W
float ¥X{) const { return x; }
volid X{ float new x )} const { X = new x; }
/7.
private:

float x, vy, z:
}:

MR RMR Point3d: X fERIBE—4 x? B class BEHIBAN x, FBESEF
(extern) WIH x? S XREBPMAMSHEREATHE—-F. XPMEEREHY,
BHRARMTEPIR—-FB D

E Cr+ BBK%FRE L, WRE Point3d: X)) MR RBEFIPIT » #H17
2 (FR) %1%, X <18ME) global x object! XFERISFELE B L F 3 iy
AERKXWTIAZ . FRETHIH C++ FFF B AR /PR v KU -

1. A H data members T class BFHHELA, UHIETFHEESE.

class Point3d

{
// BF TR 41
// FE class FHELLEHRBNAN data member

float x, vy, z;

public:
float X() const { return x; }
// ... etc. ...

}:

2. FEEFFE W inline functions, AT K/NEKTE class FHH 2 &b,

class Point3d

{
public:
// BTRERFRITRE 42

// HBHTEMW inlines #BE class Z45h
Point3d () ;
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3
>

FERE C++ XWREAE (Inside The C++ Object Model)

float X{() const;
void X( float ) const;
// ... etc.

} 2

inline float
Point3d::
X() const

{

return x;

}

// ... etc. ...

XERFRITABBEL LR SKXEFE, BRENNLEHCEZB8 N C+
20 2/ (#H%E CH+t Reference Manual HEIT) RIBRT. XM ENESH
M#FR A “member rewriting rule” , KERE " — inline RPLE, EBAD class
FHREREF/ LA, BRAKEIWMHKE (evaluated) B” . C++ Standard LA
“member scope resolution rules” XIFHRX T “rewriting rule” , H¥RE, R —

A inline BREPE class FHZE L ZI#E X WG, FAaBKTERYNHIFEMHERHA

(evaluate) . BEIREW, ¥ —"TAE FXHEMNNY:

extern int x:

class Point3d

{

public:
/1 TEREESHITELEREEE
// class FHNAEXRESHIAA IR

float X{) const { return x; }
/7.

private:
float x:;

};

// BELE, ot BiffT

B, XF member functions =S¥, S HFE class WEHEER T A FE.

N, 1

M. DD T TS e

E— inline member function K& A —4 data member SFEEIE, 2

TR -4 TR et el - ST T RO SGC R NI T T . L T T R T 1 L L W < o i R S i L -
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& 3 E Data 15354 (The Semantics of Data)

R class FIERZE A RE.

p

SR, XXTTF member function HJ argument list FARNEH . Argument list &
NEFRARSECNE — KEBN G S (resoived) FER. HILTE extern
Al nested type names ZBJHNFERFERIELRSRE. FIMMETHEHHNEFHF K

F, length BJRBIFEW T member function signatures HEFH Y (resolve) 4 global

typedef, LR int. BITEFEF length B nested typedef B H BEH, C++
Standard BXTEFR R B Ebrm R IE .

typedef int length;

class Point3d

{

public:

// BEX: length B|HIY (resolved) 3} global

// BR@: val BB (resolved) X Point3d:: wval
void mumble( length val } { wval = val; )}
length mumble() { return val; }

/7 ...

private:

}:

// length #E “& class MENE—ISLEE" Z2HEEN
// RERFBHEEEINNSERERE

typedef float length:

length wvalj;

[/ ...

LRXFET R, MRATEREMGBERFEXR . R “nested type &
"™ BAE class B, ELARFIFH, MR length B nested typedef F X

T ¥ class HSE" A7, HATLIREIEEL R EN EHL.

91
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REHER C++ XRER (Inside The C++ Object Model )

3.2 Data Member Bg‘_ltﬁ% (Data Member Layout)

&5 M —4 data members:

class Point3d {

public:
/] ...

private:
float x;
static List<Point3d*> *freelist;
float vy:
static const int chunkSize = 250;
float z;

Nonstatic data members 7E class object 59 (% HEFI NG 1 7045 75 BH A4 JBUF —
R, BT E i A8 static data members H0 freeList F1 chunkSize ELA S8
SMRfMRzH. EERF TR, 88— Point3d MERH =1 float HR, WF
i X, ¥, z. static data members FIERFH data segment F, FPHAY class
objects JGX .

C++ Standard 23K, #E[8] — 1~ access section (18R private. public. protected
FXE) B, members WHIFI RFF S "BEEEIK members £ class object 4
ARERHLL” X~ FERI7] (FF C++ Standard 92 1) . AP, &1
members HA—EBELEHH. F2FKATES A THEHFEHA members 2 7]
U&? members B3R JFEE (alignment ) 7] BB 3K T EH A — 26 bytes. Xt F C Hl C++
ME, XHHEER, MYHH C++ HERTIAHANS, ILREY.

MiFs A RES G M — YN EMEHR data members, DA IFEEAIT RBR
vptr BEEXFRFRE, UAMANRESHELELZELESE -1 “HE viral
function Z class® #] object . vptr S EH AN ER? 5% E 8L
AHBEE AR members HIM)G . AT NMASMAH — B4RIFH/ID vptr WE— class

i i B R EE TFICEN

bbs.theithome.con



http://bbs.theithome.com

% 3 #F Data i5E ¥ (The Semantics of Data )

object HyfxHl%t. C++ Standard FFFHAFTRE "X THRAFHOBAESE"

i

AT iIEFICB LRI L HKE members BB NEEM{E L EEHEIL
R A 8 members Z[H].

C++ Standard 0 RLIF4MiFA88 £ access sections ZF K data members H
HEF, AUEFENIHIBIE class FHPHRF. MR, FTHXERFER.

class Point3d {
public:

/7.
private:

float x;

static List<Point3d*> *freelist;
private:

float y:

static const int chunkSize = 250;
private:

float z;

};

H class object HJK/PHIA WEFAFEATERTEBRKINHER, R members B HE
VIR PGS0 E . SF T AR BT » & - i AKBRIE -4, K

BT A, SRTRAIRFESXAM.

HHIE A IFa IR — L LM access sections ESE —&, KBEHEBERY

K, WA—~NELZERXIR. Access sections B EH AL HEKTAAIE. HUniE

— A~ section FEHH 8 4~ members, 3% 7 8 4 sections P E LA A 8 & members,

BEE object KAR—HR.

FH L4 template function, #EZ P data members, fRJ5 XML LB E

class object ZH . AIRFI T members ERE AL [RIR access sections B IS — N f =
B, UL BB AT LA R B BTHE — 1 section FoHB (BRI class member 1

FARRE, BEE 36 W)

bbs.theithome.con
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HEERE C++ NREBE (Inside The C++ Object Model)

template< class class type,
class data typel,

class data_typeZ >

char*
access_order (

data typel class type::*meml,
data type2 class type::*mem2 )

assert {(meml != mem2 };
return
meml < mem2
?7 "member 1 occurs
: "member 2 occurs

L2 eR B AT DA R A A -

access order( &Point3d::z, &

first"™
first";

Point3d::y);

TR class type SEHERN Point3d, T
A float.

3.3 Data Member Y75 H\

E BT X B AV

Point3d origin:
origin.x = 0.0;

N data typel Fl data type2 SHWHHE

AT RELIE x BB AR A7 BRW x A Poimdd WMTAMBTISE. x

AEJZ T static member, 7] BER ™ nonstatic
£) 8 class, RAJEER M B — 1B — R base
B8 2] 682 M 2 B 9K 5 B4k & T 3K .

b
T
]

member. Point3d RGBT (JEIR
class JRETK; BARTBEHERE, 2
FTHBITHEXQRE — M.

H 6 280, WM E—TE8. MRENERNEX, origin F pe.

Point3d origin, *pt = &origin;
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3 #E Data IBEF (The Semantics of Data)

P — oL

BRI data members, RiXHE:

X

origin.x = 0.0;
pt->x 0.0;

Wi origin FIAEE pr T, FHAEKREZERG? WWEREEEE
yes, YR class Point3d Al datamemberx BJAERHBHERNAEALENE. &
EX—THERUERXEFRERNER.

Static Data Members

Static data members, #% H7Z 8 & X, W HRIFIFE/E T class Z 4, —0IRE 1.1
TR, HEMA—1 global TR ({HRFE class EmGEIZHNATL) . 1
member BJFEUAFR] (iFE: private T, protected B public) , UKk 5 class B%
B, #A2FBUEM R _LEMATHE LB RE—RIEREN BN class
objects B static data member 2= 5.

& —~ static data member R — MLk, FRERFH data segment Z 4.
FRBEFZR (BH) static member, LB AT HITIZME — 1 extern ST
MEZSERE. Hlan.

// origin.chunkSize == 250;

Point3d: :chunkSize == 250; // ¥F&: E%ﬁfﬁﬁﬂgﬁﬁﬁfﬁﬁﬂgﬁ
// Point3d::chunkSize = 250:;

// pt->chunkSize == 250;

Point3d::chunkSize == 250; // #¥H&: BEEENEETERLER
// Point3d::chunkS8ize = 25Q;

AESHITHMARE, IR CH+ BEFP “@id—MEHAET — 32
XAFB member, HWHLHMA" WHE——MIFL. XREN “2H member
selection operators (i¥;E: R "' ZEHFF) F—4 static data member FIF7EH
BRIE” HEBERE LW —MEETEMC. member HELH AR class object 2,
A BLAFH static members H AT EFIT class object.

95
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WEIRE C++ WRER (Inside The C++ Object Model)

mbihinlovi . i ———

(HANR chunkSize 72— T WNE RHPE K RPYUKM KL member, X ¥4 U0
] ? BFE R — “virtual base class Y virtual base class” (S H TR HEE 41 4k
HRLGEH) B member LEANE. B, LXK E, BFZPXT static members I
e AAME—— R, MEFRBRNREARER.

AR static data member WFAEZLHEFIEAH (HEEHLEESE) Mg

e? 2EF, MERINE.

foobar () .chunkSize == 250; // ¥FF. ﬁﬁfﬁ%ﬂ‘]ﬁﬁﬂﬁﬁ%%ﬁ
// foobar () .chunkSize = 250;

W foobar() & xHEAT2FEF? £ C++ BIUEIRHE (pre-Standard) AR HT
BAANMESZEERH2E, B ARM HKIEFE foobar) RE VLMY K E
(evaluated) . cfront K EE R M BEMEE £ . (H C++ Standard BH 8 F K
foobar() WMBKAH (evaluated) , BARGRIFLAL. THR —FAIREN .

// foobar().chunkS8ize == 250; // ¥#F: REAEESEWNEHEE DR
// foobar().chunkSize = 25:

// evaluate expression, discarding result

. void) foobar();

Point 3d.churnkzize == 250; JVEE: REESESSEREE
// Point3d.chunkSize = 250;

£ B~ static data member L, £/ 3 —MemHBIBRRBIL4E, W
AR —PHEHE class member 384T, AN static member RN EE— class
object ZFo. L.

SRBRBINT RN FE L -

const int*
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% 3 E Data 15 E2%¥ (The Semantics of Data )

WEREFMA classes, B—PEF B T —1 static member freeList, A8 A X E A
M ER PR data segment BY, Bl FEEHRWE. MFENMR AEEES
X748 — > static data member A% (XMFEF MR EHNBFR: name-mangling) |,
URE - - ZHEFEANRE. §2070M1F8%, AL/ name-
mangling ¥ EEARINFREEM. EEEHWE%E. £/ name-mangling #
ZHAAEPITEA:

1. —FEE, #RHEM - KA.

2. A—%FAE (BRI H) LAMAMERAERR R, Ld - LK
af DUER B S 4 = 1) B Bk B9 R R

—

Nonstatic Data Members

Nonstatic data members H#EHF M ER — 1> class object 9. B IELH R
(explicit) B(REMIRY (implicit) class object, WEMEEHEHEREN]. RERKF R
£ — member function I H#ELE — 4 nonstatic data member, FTiE “implicit

class object” B KM . FIANT H X EHY:

Point3d
Point3d::translate( const Point3d &pt) f

X += pt.X;

y += pt.y;
z += pt.z;

R EPTEEIONT x, p, 2 HERFR, FXERZ2H 4 "implicit class
object" (H this I6¥FF%E) TH. FLLXNEHEHN SR

// member function KR ERF4L

Point3d

Point3d::translate( Pgingld Fronst chas
this->x += pt.x;
this->y += pt.y:
this~->z += pt.z;
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HKEERE C++ XMREE (Inside The C++ Object Model)

Member functions A& HE 4 EF LB IFABITIE .

g%t — ™ nonstatic data member HETTFELERTE, HMIFSRTEIC class object §
BEHbIE Nt data member BB E (offset) . B MHIF, R

origin. y = 0.0;

M2 &origin. y HFE T

&origin + (&Point3d:: y - 1);

EEEHPHN -1 #1E. $89 data member H$5€F, H offset HE B ML
1, X UERFEREX 1" — 48[ data member 385, ALIIEH class ()
#— 4~ member” F “— 351 data member KITEET, BHTE HAET member” W
PG . 1810 data members RIFEEFT HE 3.6 WHIELBIEHRIITIE.

8 — ™ nonstatic data member FJRFE R (offset) TELRIENTHARNTIIRA, H Z
IR member BT — base class subobject (JRAEBHE - B EHYAEPHE) L
—k. A, £ — nonstatic data member, R BHFW — 1 C struct member
8 — nonderived class #J member B —HH.

MELRMNEEESE. BHRIAEAKA "2H base class subobject 77
class members” S A —EE#H YA #EHSE, B.

Point3d *pt3d;
pt3d-> x = 0.0

HPITREE x BE— struct member. —-~ class member. B —4k&K . £ &4k
AENENATHTZEME. BHR x &— virtual base class B member, FFEL#
BB 8— K. T—PRISBUE "HRWT member FRHEW" . ERIN
RFETBEIIBRZA, HELAT—FHE— 08 IR TEFR x 255, #
X :
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£ 3E Data EESF (The Semantics of Data)

origin.x = 0.0;
pt->x = 0.0;

"M origin T F M pr B BHAERKNER? BRE Y Point3d
B — derived class, TERYERG WP H — virtual base class, I B8 F L
member (YA FH x) B —1Mi% virtual base class ZKETMER member B, i
KEERNER" . XNRENAEEER pr BRBEI—F class type (HHR
8B A FE R X D member EIEAY offset 1 F) , FTLLXMFEBURIE L
LR 2PATH, 2B —TH/MIEESS], FTrEssmk. EMRER origin,
MACHRXLEE, KRR TLER Point3d class, MRIMEELAE virtual base
class, members HJ offset N EWEIIFMHRMEE T. — MRS A HiFRE
ZA[P B SBH origin L EX x B,

3.4 “B” 5 Data Member

E C++ ZEREFCAH . —4 derived class object FTEIHFMNER, REES
] members Il EJL hase classfes) meinbers HIMF. £ T derived class members
Ml base classies) merters Wi FH RLE C++ Standard FIR&IFEE . B -
wiFar Al LIBHLHEZ . EXE5 48183 L3k, base class members SR 4% HH,
{BJ&F virtual base class BIBRSN (—RTS, 1T/ — &MU — B L virtual base
class B IL, XBIRARHFIIN) .

TRTXMMERY G, RefE4n, MERM 2D (ZT4) % 3D (Z4)
PR R BR A FWANMB BB LRI T

Lo

// supporting abstract data types
class Point2d {

public:
// constructor(s)
// operations
// access functions
private:
float x, vy:
} i

99
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REHRE C++ MREE (Inside The C++ Object Model )

_ class Point3d {
Point2d public:

// constructor (s

// operations

private:
float %X, vy, 2;

};

IPOint3dI // access functions

)

XM RUEPIEBR=ZBHAEH, §—F (NEK—-T4EE) &2—1 class, IkREH

BRERK” HH4AAR? T

F/AFTHIEHEE "R -%KAERS virnual

functions” . "H—#KA&K IS virtual functions” . " BEHKK” . "EBIIgkK
2 V0FF 1. 3.1a & Point2d F Point3d B3R mBAIE, XA virtual

functions HIFH T (WEH])

float x;
——

float y;

struct Point2d {
float x, y;
} pt2d;

3.1a 13 structs BI¥EHR S

{18 Cstruct 524 —#E.

float x;
float y;

float z;

struct Point3d {
float x, vy, z;
} pt3d;

RABPANKANEZR. (Inheritance without Polymorphism)

% —TF, BFEARFHFE, Rig£ 2D I 3D Bird, FEEBHLER — 4

A5 Uk "BIEKNGETE”

Scik, BN aesp e A " 5B FARX (BT type-specific) ” BISCk. F’A)
A—MEirReg, MEMN Point2d JRAH — Point3d, F& Point3d BS4%& x
Ay R —1 (BREEESEANREFE) . FREOEmNRATIE “HiE

L%ﬁﬁﬁﬁn—ﬁﬁg,ﬁﬁﬂﬁ(wmme

inheritance, 3¥i¥: MX T B4k virtual inheritance) FA£ 80725 |6} 5% 74 Buat

1M NE- T i

R T T e R Y - B D) - = mmmem e W a4 e TR = - b= - o e
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M3 Data IBEY¥ (The Semantics of Data)

Point2d |

‘ Point3d I

class Point2d {
public:

Point2d( float x = 0.0, float yv = 0.0 )

float x()} { return x; }
float y() { return y; )}

vold x( float newX } { x
void y{ float newY ) {

x{x ), . yty))» {1}:

——
——

r—
o

newX; }
newyY; }

vold operator+={ const Point2d& rhs ) {

X += rhs.x ()
y += rhs.y(});

}
// ... more members

protected:
float x, vy,

inke— il

} 2

// inheritance from concrete class
class Point3d : public Point2d {

public:
Point3d( float x

0.0, float yv = 0.0, float z = 0.0

Point2d( x, y ), z{ z ) { };

float z{() { return z;

_zi
void z( float newZ ) { 2z

newz; }

void operator+=( const Point3d& rhs ) {
Point2Z2d: :operator+=( rhs );

_z += rhs.z(};

}

// ... more members
protected:
float z;

};

ZHFRT AR CER x My LIENRERER[HEL. tibx 4
WA LIA R RBHE WA MR L W EFERLR. YXWA classes T 37 98
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FEER CH JRER (Inside The C++ Object Mode!)

8, Point2d object Fl Point3d object IEHFAE AEASEHEXT. FFLILXHE
MR LEFEAEARFEHIE objects BENMIM classes KB, kB Z A H

HEPRR. B 3.1b B/~ Point2d Hl Point3d & xR SEYF R,

A HEH virtual 3

float _x Hoat o | Point2d
float _y; float vy: ™ subobject
class Point2d { float _z;
public: | —
class Point3d : public Point2d {
protected: public:
float _x, _y;
} pt2d; protected:
float _z;
} pt3d;

& 3.1b B—4%EMBAEA virtual function N HIEHF S

£ 6] 3

B A FEAISL AT 8 classes B — Xt “type/subtype” , HHrH 4h& %
R, SAHABLPHRERE? ERAENATELSEE R — BHRBREN K
. LUENBFHE constructor Fl operator+= (8, TN1HBEE B R inline
PRI (ATRER 4R iR 8 T HEHE A ® A X inline member functions) . Point3d
object HIFIIGLBRYES ML RIE, W HEEFH DM Point2d object FIEF4THY Point3d

object fENAA. —HME, HERFLLEEMR inline FF, BiFit
—PEERA.

class B7 R

FoTHRAERE, 8- class 3R AFERELE, AAELSHT “%

Pl class (AR Z R MEKIIESE.CH ETHRIF“HIAE derived class

) base class subobject HFH R EHM" , FRELFE. XMUFH SHELIHE

RIFNBBETEREMET B — 05, RN —-TBEH class °

102
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¥ 3% Data 1IEE%¥ (The Semantics of Data)

char c1

int val

| Concrete1

l Concrate2
TR

|

Concrz:te3 N

N

class Concrete |

public:
//

private:
int val;
char cl;
char c2;
char c3;

};

FE—F 32 1ubiesd, &
o U

1. val 5 F 4 bytes;

-~ Concrete class object HJK/NEBJE 8 bytes, 4

2. clc~ ¢c2 Ml ¢3 &4 Al 1 bytes;

3. alignment (¥ E word

BH) FE 1 bytes.

Bakk, adX&nrthzh, RINMRET - TEEEBPYREFTRX, B

Concrete 7138 N =245#5.;

class Concretel {
public:

//
private:

int wval;

char bitl;

}:

class ConcreteZ
public:

//
rrivate:

char bit2:

b

class Concrete3
public:

//
private:

char bit3;
}:

public Concretel ({

public Concrete?2 {
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EERE C++ XMRER (Inside The C++ Object Model)

MM ARE, XTSI EELESHE. EMNUEMINARE, K19
BB %W T — 1 33L: BAE Concrete3 object BJK/NE 16 bytes, LR CHIEIT £

T—15.

B4l E, iBidf8 “base class subobject 7E derived class A FEAEEH" G2 it

HINFAME X —BASGHNNGENR, BRERIRRETHALE.

Concretel W E W members: val Fl bitl, MiERXE 5

bytes. T — T

Concretel object SLFRHF 8 bytes, WHEH#MFHRY 3 bytes, LI{# object BEBEAF &
—EPULERR word AR . iR C B C++ HEXH. — s, HRABAE

(alignment) FEHALEEAF (processor) FRILFER.

BIEHRI AN IE BT ATRERAN . HXMRYKA

.

AR THRENEFALT

$1x. Concrete? T ME— — nonstatic data member bir2, ¥IEERI KN char. &8
EHRBEFRURESH Concreate] MEE—E, S HAEEHFEXIZTEYN 1

bytes; T4 Concreate2 object BIK/NK 8 bytes, HF 2 bytes

XM Concrete2 W) bir2 SERR b HIRE8 BEHE £ 25 8] FF B 3bytes 2. T
RHEK/NER 12 bytes, & 8 bytes. HHH 6 bytes B BRAEEFZ[E L. A
T HHAN S (H] .

HIEBETS Concrete3 object I K/INE 16 bytes, HF 9 bytes |,

I HMES[H] .

"THERE™  BRINMIMAERE/NEHBX AR, FEEEUETIME. B

EABBEENEXAR. KA TR AXMESHXENITHN?
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% 3 & Data iEE¥ (The Semantics of Data)

FE: FEAIRI Concreatel. Concreate2. Concreate3 Wi R4 -

4 int val |
i g | Goncretel
1 char bit1 . subobject L
| | Concrete2
paddin .
g 3 hyteE i L 2 | subobject
Concrete1 object 1 char_bit2
| padding | |
3 | 3 bytes |
Concrete2 object - 1 I char E_'_tE
padding
3 | 3 bytes |

Concrete3 object

=it

it%%fl‘]ﬁ'ﬂﬁ lzll"FﬂiﬁTEﬁ

Concrete2 *pc2;
Concretel *pcl 1, *pcl 2;

P pel 1 M pcl 2 WEEBTLUIEMBER= classes objects. T

H

{E:

*pcl_2 = *pcl 1;

L .

X 16 E #

W iZ AT — M BRIAK “memberwise” 5 $1#4E (8 H— 448 members) :

STREWIEH object B Concretel B — TF4y. fn pcl 1 SEBR1E [ — A
Concrete2 object BY, Concrete3 object, | E A |IEN Z BT HAEE SESH

Concretel subobject.

bbs.theithome.cornl
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FIRR C++ WRRE (Inside The C++ Object Model)

S

Concrete3::bit3) Hl Concretel subobject HYBFE —2, FEEREHKIEM, LibHRLEE
BERLERE T, MATHEHRIEEERE:

pcl 1 = pc2; // ¥H: 2 pcl 1 8 Concrete2 R

// BEK: derived class subobject P,
// FRHE bit2 member MEAR T — T HIETPHHUE
*pcl 2 = *pcl 1y

AEW “GHSE—-E. ZEMEY" members NABER. BFAULITIERK
KA OAABBE XA "HHR” !

B e eh bit2 BT T — |
= AT AN, ARR

B ot e i el i Rt R -
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58 3 B Data 1&E % (The Semantics of Data)

N E273& (Adding Polymorphism )

MARRBLEH -85S, TATEEFER —T Point2d B Point3d 5E
B, WLAKFEEMAXARPEAL— virtual function L. iLHEMNEBFFUNEX
-/é\ﬁﬁ: ﬁﬁ%;g’f_ﬂ/z’si&’ﬁ.

// ¥E: LLTH point2d FBHES #101 A HREH &
class PointzZd {
public:

PointZ2d( float x = 0.0, float y = 0.0 )

X x ), yly ) { }:

// x fl y BB RS RT— A A
//HTXNARERN S, XEREBRIEBEARE, FLUARLEITH virtual

// ML z WIFBZE (KB At &40
virtual float z() { return 0.0; } // ¥&: 2d &l z X 0.0
EEHEMN

virtual void z{ float )} { }

/7 BELTHZESNAN virtual

virtual void

operator+={( const Point2d& rhs ) {
X += rhs.x(};
_y t= rhs.y{):;

}

// ... more members

protected:
float x, y;

}:

REYRIEEUZ2EZ X (polymorphically) 4bHE 2d 3% 3d AB%R &0T,
Eﬁﬁzm%A—¢WMMW§EWﬂﬁ%ﬁnﬂﬁ%ﬁ,ETQEWE:

void foo( Point2d &pl, Point2d &p2 ) {
/] ...
pl += p2;
// ...

I
iml

H pl H p2 ATEER 2d WATRER 3d AR XHARERTEMMIZITETEE %

107
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FEERE C++ XBER (/nside The C++ Object Model)

Rl . XHEERBYE, SRERTMATZEFEITR PO, IR IHENMSRLE, 0
2RI Point2d class # 3k 53 [6) #14E BUISHE] B9 45 2 f 8 .

B FA—"TH Point2d X virtual table, AXRHFEHECHEREE — T
virtual functions B4k . X > table WILEREH — W= B4 5 K
virtual functions W& H, B L -3 slots (ARIEZF runtime
type identification) .

B E®—1 class object A —1 vptr, VA ITHOE®E, 8 —
object BEWE 8 FI M ML B virtual table.

B fli5& constructor, FEREW N vptr XEWME, LM class Fi it W
H) virtual table. X A] BB E PR FH 1 derived class 14§ — D base class 1
constructor F, BHIXE vptr WEH. HELXREEF[OMEL B FEH®
ME. #5SENRFLEEFEANITIE.

B N5k destructor, EE R KIE “#51@ class Z A ¥ virtual table”
vptr. ZHIE, vptr BATEEC 2% derived class destructor W #i% E ¥
derived class HJ virtual table #Hutik. i24¥, destructor IR BEXR FEE K M
H: M derived class ¥ base class. — TFRAE B4 1k 45 1% 88 o7 LA JE #0658
EREHEE#RIE.

XL RERHRA A HEEMR “YWAATER Point2d objects ¥ H F4E &
" T, A XX objects MEARFERITHTBHAL g, mE—1
R AEEPTREM M point objects R TR SR =L, T4
XFPBTH T RS AR A R B4 A Tk 2.

LT RFW Point3d A

// ¥HEE: LIFH Point3d FBRIES #101 WHHE L E
class Point3d : public Point2d {
public:

1 R NEREEPAN R AR EE )

T —NEEW Point KFNEER.

.
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%6 3B Data IEEY (The Semantics of Data)

Point3d( float x = 0.0, float y = 0.0, float z = 0.0 ;
: Point2d( x, v ), z( z ) { };

float z() { return z: )}
void z{ float newzZ ' { z = newZ; }

void operator+=( const PEifeIaR
// FE: BELTTR pPoint2ds M3IE Point3ds
PointZd: :operator+=( rhs );
2 += rhs.z();

}

// ... more members
protected:
float 2z;

};

- i

iFE: ERFW (5 2100 (w8) Point2d 1 Point3d BB, Bk — M iF4ib
&, WAlPAFE operator+= S RH A~ Point3d MR —A Point2d 3% 5 L.

i¥i

Point2d p2d(Z.1, 2. %2):
Point3d p3a(3.1, 2.2, 2.3);
p3d += »id;

B3I p3d FEEE 5.2,5.4,3.3);

~ A T - I . S - P T

BR class HEERRERE, B8 —HFEHHA—BT: B 20 member
functions LA operator+=() BHEMH N TEMEE; §—1 Point3d class object
NE— A8 vptr member (B3R B Point2d) ; T —- Point3d virtual table:
IR E & T (55 4 B3 LA ¥4

AN, 8§~ virtual member function K18
weg) .

-

HAlE CH RIEHRTLNAHEEF - TMTENITIEEE: 8 vprr HE 7
class object FIBFEE S BRIF? 7 cfront ZRiFIRT, THHIE class object B,
AUXFTHASELR, nE 3.2a .

til

struct no virts {
int dl, d2;
}i
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BEBRRE CH+ WNRER (Inside The C++ Object Model)

class has virts : public no virts (
public:
virtual void fool();

[/ ...

private:
int d3;

};

ne virts *p = new has virts;

int d1 ‘ int d1i i no_virts

int d2 ' Mt | [ subobject

struct no_virts nv; int d3

__vptr_has_virts |

class has_virts .
public no_virts hv;

¥

B 3.2a Vptr ##E class MR iR

8 vptr JKFE class object BYEEWG, FIDIPR B base class C struct HIXT 4,
AW E C BFAEPHEER. XMHEE CH+ RURHE, #iFE AR

2T CH20, AmXFFEHA U RMRER, FAEHTHERIIRMAME (OO0
paradigm) HIXNE, HEEGFHRALEIE vptir BF class object BJELA (HH0
Martin O'Riordan, f¢1F Microsoft HJ5E— C++ MiER/T M, B0 EHKX
sk . HEE 3.2b WEFULA .
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% 3#E Data 1IEE%¥ (The Semantics of Data)

int d1 vptr __has virts
int d2 | int d1
kg . : : = Nno vi r[ S
struct no virts nv; " intog ' [ subobject
int d3

class has virts
public no virts

B 3.2b Vptr #WM#E class BT

i€ vptr JAE class object BTN, M T “EXEHEZ T, BidfEM class
members BJFEST A virtual function” , SHIR—#EY (HS% 44 %) . &
W, A "M class object BIGHFFHER" B offset UWFEMITHEZ, £F
5 class vptr Z[A]H offset HAAFIFR L. 4R, vpir WIEERTHE, RMBEELT C
BEREH. IMBEREZLENL? FBPBEFELM—A Cstruct REE— 1A
ZOWRE class B? YEIRF L HBEHH AL BIETLEHFRX — .

(N

3.3 B/~ Point2d H Point3d MLt T virtual function 2 )5 MAEEA D. I
BB R vptr A base class B EHH.

float _x ﬂc:-af X | H'
float _y float v | L Point2d
— [ subobject
__vptr__Point2d __vptr__ Paoint2d
— —— | = R
class Point2d p2d: float _z

class Point3d
public Point2d pt3d:

3.3 H—HBHAAIELUEHBRTHRERB

111
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RXEIRE C++ XREBLA (Inside The C++ Object Model)

28 2B (Mulitiple Inheritance)

B—EBEMET " 5R LS (natural polymorphism) ", X TF classes
E R PR base type Fl derived type ZEHIFERKR. HEE 3.1b. 3.2a & &
3.3, {/RZEP) baseclass # derived class ¥ objects SR MNAHFIR U FFEE, H
B Z % R 7E T derived object LK, FAUZAEME E K nonstatic data
members. | H XA B T8 & #AE

Point3d p3d;
Point2d *p = &p3d;

f8— 1 derived class object FEE4 base class (R EMEARELE LE) B R
reference. EBEFATEHIEIR L AEREYL. ERERMAI LI AL, @
HBELST BEPITRE.

3.2b £ vptr AL class object HJBIFAL. ANR base class &H virtual
function T derived class A GiFiF: ENE 3.2b) , MTLABE—BENBERELE
(natural polymorphism) B &#ITH . EXFIFR T, I —/ derived object ¥
AH base KB, BMTERMFBRHNMA, ALLERREE (B vpr AZH) . &
R ERANEBURENFELT, FFHHONMATEFLE.

L

ZHUEKBARE A, CAREZEPHHRR., SEHRNEELE-
derived class FI1H b — base class J3ZF L F—4 base class'*--Z[BH “JEE

R KR, B, FETEHXNZEREFTRBY class Vertex3d:

Y

iFE: BB p92~p94 EREZBEFA—BNR T, URBEL ‘85 BEAHE
RAMVEBRFEEER” R, BAEARBAERFRHEEAHE, SHE—FAF
RECHHEHE2MEE. MRAEEERTEWNBHPIFEE, HAEELY T
AR,

class Point2d {
public:

112
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# 38 Data 158 ¥ (The Semantics of Data)

/7 ... (FEFE: BEF virtval 0. Ll point2d R Z2HEH vper)

protected:
float x, vy’

};

class Point3d : public Point2d {
public:
/] ...

protected:
float z;

Y

class Vertex {
public:

// ... OFE: #HF virtual #£0O. Tl vertex R 2Z2HLEF vptr)
protected:

Vertex *next;

}:

class Vertex3d : // ¥iE: BRBREL vertex3dd BN Vertex2d
public Point3d, public Vertex { // i#¥H: FEPHRIE point3d H
N Point2d
public:
/7.
protected:
float mumble:

};

%ik: B, Poini2d. Poini3d. Vertex. Vertexid W& LRI

Pmintﬁd: ‘ Vertex !

| Point3d

1 e

ZEHEEKNOBEERKET derived class objects FIHPE /S BH base
class objects Z [ #; A REEEHBRINT.

13
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KEHE C++ MRER (Inside The C++ Object Model)

extern void mumble( const Vertex& );
Vvertex3d wv;

/] B— Vertex3d B#— 1 vVertex. X "AHRK’
mumble ( v );

BT RFH virtual function PLHEMEFER. A “virtual function Z 1
H#E” Mmel xR BHE 4.2 Witig.

M- SERENR, BRI EES " BAm (BMESE —/) base class ¥
fREr , BOUK AR —2KRITAR, AR ZFEREMMEARNE G, FATH K
AR HFHtNEERETND (B34 BB LHEHENGR) . ETE 4K
JR4ERY base class KIHbhbfe E#1E, NFEHBIEBMSGT: Lt (EEE, wE

e

downcast BJif) 4T H B base class subobject(s) K/h, #ilun:

Vertex3d v3d;
Vertex *pv;

Point2d *p2d; // ¥H: FEHWLZ R *pp, FEAESWERN, MF*p2d BiF
Point3d *p3d; // i#¥¥: Point3d HENIHEE 3.3/ #108 T

ﬂﬂéinaii???EfE%%fF:

pv = &v3d;

e B X B P RREE AL -

// Bl c++ 15

pv = (Vertex*) (((char*)&v3d) + sizeof({ Point3d ));

M F B $E & BR1E:
p2d = &v3d;
p3d = &v3d;

AR TR R N7 T . WREEW MG IT

Vertex3d *pv3d; //FHE: EHWEN *p3d, ARFEHLHAN, N *pvid
3§

Vertex *pv;

114
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£ 3% Data iIEE¥ (The Semantics of Data)

s

B4 T HBITE EBR1E

pv = pv3d;

AREE KR RPN

// BHL c++ 14

pv = (Vertex*) ((char*)pv3d) + sizeof( Point3d };

HKIE pv3d B 0, pv #HIK1E sizeof{ Point3d) WEH. XA IRK! L,
Xt TeEr, NEPHHRBERTES — 1 FERNH:

// Bl c++ 15
pv = pv3d

? (Vertex*) ({char*)pv3d) + sizeof( Point3d )
0;

2T reference, MATEE X ATEER 0 EHMBF 3, AR reference AuJfEE
8 "I (no object) .

Point2d _
subobject | .. Point3d
subobject
’ -
Vertex v, subobject
L, Point2d ;. |
subobject float mumble
class Vertex3d -
public Point3d,
1 public Vertex
class Point3d : { }vad,
public Point2d pt3d:
3.4 HEHAB: ZEH A (Multiple Inheritance)
115
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HEEER C++ NBEE (Inside The C++ Object Model)

i1 FHENE 3.4 HHEI Vertex2d, %Al Vertex3d. BIRHFT R Vertex2d
SEmEE nEe” BEWY (RMNHAKEEBPEIANHLFSRAE) , HEHEGX
HZR Lippman BEE, AATCEBFTHIFZITIERBERR. FURILELEE

FITI A RN Vertex3d KX R4 /T3 K E 3.4, w0t.

C++ Standard FHREK Vertex3d K] base classes Point3d Fl Vertex 54
ERHEFIR . [FI8H) cfront 4iFds EMIE A HKFEREEFT CAT. Bt cfront 4
PRERWlE K oRE) Vertex3d X4, oM R —4 Point3d subobject (N &
— AN Point2d subobject) fIll_L—~ Vertex subobject, JGEM L Vertex3d B CIH
#hor. HETS@FEaTIRRELIIL T EMEBE base classes B4 { ({BF .k
BB A, AR—HT) .

REgIEMN (Fla0 MetaWare) A - ER, REE A (FE4H)
base class 15 ¥ —~ virtual function, M55 —~ baseclass I&¥H, BMIPLA base
classes RIWK/FHETTIRER. XH. 5] LIFE derived class object H/DF=H —4 wptr. X
MR ARFRBINLREST WA, REHAE K.

INRBHFEE A (8/54) base class % —~ data member, < B /Er
HIEO? FEM M ARAERE? A, members WAL B ERIFOITRBEET, Hit
FH members B - NHEMN offset BE, BIEHE —40& — e ANE &
LW -1 — A reference 3 — 1 object RFHL.

ERILL4E B (Virtual Inheritance) :

ZHEHUERKN—PTEELHBERARRE, ELAXHEMERM “shared
subobject #EK™ . —PNHEINFIFEEFEN iostream library:

116
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# 38 Data EEY¥ (The Semantics of Data)

// pre-standard iostream implementation
class ios { ... };
class istream : public ios { ... };
class ostream : public ios { ... };
class 1ostream :
public istream, public ostream { ... };

PEiE: FEIR[FEB iostream RYGERIERE. A= HYP R, A AEHZ 549

10S

Fxstrea'ﬂ 13
‘ lostream E  iostream ii

AR istream T ostream W E — A~ ios subobject. R iostream X}
RZHMRT, BNEATER ——14 iossubobject BiF. BEEMPMRIPERFA
FriB ) BRIk

Istream

class ios { ... };
class 1stream : public wirtual ios { ... };
class ostream : public wvirtual ios { ... };

class iostream :
public istream, public ostream { ... };

—WMHEBFE2ANEZRE, EEREFFPIFENUMEK, LERBEEF
B. ELR iostream B FH, THAERNIEET, BRI - MRBEKH T,
W istream Ml ostream & BHEFH — ios subobject, ITBRHI—1H iostream
HEFHY B — ios subobject, I HiEA] LI 7F base class F derived class f$E4t (1L
K references) Z IR 5+ E#1E (polymorphism assignments) .

—MBISEBE FEMTErR. Class BN E—MH LA virtual base class
subobjects, R istream A, B FI AT — PN AREFRIPH— M HE IR,

bbs.theithome.cornl
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RKEHEER C++ MNRER (Inside The C++ Object Model)

AZEJHEPF IR, AFRPHTL, SRFAFEER offset (M object )
KBER), FURX—HoBEATLUEEEFR. ETAEZRI MEAMWRKE virtual
base class subobject. X —#PrHEIE, HUBSEANEBRNIKRERETGE T/,
PrAEM RAT LI R #EFI . S#XRIFFLHABEARZ MM ERNE FEHEARKY
HEAR . LTFHB=MERME. THR Vertex3d IBIIMEN E KL 2.

1l

L

1]

class Point2d ({
public:

protected:
float x, vy

};

class Vertex : public ¥Ei88ES point2d ({

public:

protected:
Vertex *next;

};

class Point3d : public $iEHiaE pPoint2d (

public:

protected:
tloat z;

};

class Vertex3d :
public Vertex, public Point3d
// FE: BBLE—-THMWAD classes KFHK. H5E 3.5ab it 4,
K.
{
public:

protected:
flocat mumble;

} s

2 XNMBEWEHE [POKOR] FT{BILE, H R — AR EFH 3D Graphics &4, @

C++ BEE.
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3 3& Data IBE%¥ (The Semantics of Data)

ﬁ%ri FEW%%’E Pﬂinrﬁ‘d‘ Point3d. Vertex. Vertex3d HIgEEE TR

Point2Zd @ X, v

| :u'értex ! next ‘F’Diﬂtﬁdi 7

‘Veﬂex&d H mumble

— R RN R B L H T derived class MIAZERES, R HR I HLZIR

AT, XPEFEE —0IE: MATEBFER class RFLEIRHR? cfront 4
FRETET—1 derived class object P& — g4, B EEHEM —1 virtual
base class. ZFFEUMKATIGRAY virtual base class members, ] DL4F FIAH L Fe 41 8]
S #FNOTF, MBRNELLTH Point3d BHFF-

void
Point3d::
operator+=( const Point3d &rhs )
{
_X += rhs. x;
_y += rhs, y:
2z += rhs. z;

};
7= cfront WBEZ T, XM BEFLBE IR Y.

/1 B C++ G

__VvbcPoint2d->_x += rhs._ vbcPoint2d-> x; // #H: vbc BN
__VbcPoint2d-> y += rhs._ vbcPoint2d-> y; //virtual base
class

_z2 += rhs. z;

M — derived class Fl—1 base class HISCHIZ AR, BRE.

Point2d *p2d = pv3d; // WH: [EBH Vertex *pv = pvid; BHER

119
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WEHE C++ WRBER (Inside The C++ Object Model)

// B c++ 15

Point2d *p2d = pv3d ? pv3d->

£ cfront LM Z T, SAM:

vbcPoint2d : O;

// ¥E: FRBRN Vertex *pv = pv3d ? pv3d-> vbcPoint2d : 0;

// BAER (BB RRBELL

X R SCH AR B BT £ B8R

1. H—PXRUBIEXTE
ARMmHEE KA HE class object H

E S XRERERGTEF)

B — ™ virtual base class F i — 18BN K F5 £

S ERNE, AEAMHE virtual

base classes W B MAMAW. BB EFXIZI00FHR?
2. HTEHUSEKBHEONEK, SHEBRFEREREOYEN. XENERE.

6 B IR BE T 0L

MetaWare A1 HEmiERE S XTIRE

M LR AFER

MRBERE=ZEERTH, BRAFE=ZKRHEERN (£ =1 virtual base
class ¥54t) . RME

A R R 1 W NS B B o £ b

cfront HYJER %n SC TN ALRY R R DL 58 —

A, 1128 E N BEEBRIETER nested virtual base class 5%, HF derived

class object ZH. XEMEHRT °
KA Hr . MetaWare AL — 451 F 05 HY K 1€ T

EFBETE]” @R, SMRATHT -2 LE
T, RURFREEESESENE

155t. B 3.5a WBHXR “RIFsEH$EM base class” HISCHIAREY.

ETHE-ANE, —BWEAEMNMERITE. Microsoft 4Ri¥45| AFTIEK

_—

virtual base class table.

/I~ class object NRHF — LA virtual base classes,

MR MiFE L — 1 15%, 519 virtual base class table. £ FHE IFR virtual base

class J§§t, MR

EiZRETR . BALE

ETZEF, BEERFAAERTA

HEe EMgmiEssd AE. (WATE Microsoft STIERBEEFR, UEIAREEF

rp

M.

B_TMEEATE, B Bjame LWERERNAE (RPDYREFbILFETF

Foundation M HHE}) , &1

- virtual function table I B virtual base class [ offset

(MARALAE) . B 3.5b B/RiXFE base class offset SCHMF . 7 Foundation
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£ 33 Data 1 E¥ (The Semantics of Data)

float _x :
float v
_ i }UeﬂEx
__vptr__Point2d | subobject
Point2d pt2d: Sl .
| _ T | g | Point3d
fleat _z Uert'ix__n?ﬂ ’ T e B Fsubobject
Point2d *pPoint2d |- . _ Point2d *pPoint2d|- . __yptr__ Point3d
__vptr__Point3d | _ __vptr__Vertex | .’ float mumble 4
- ——— et
float —x float x float _x
= =" | | Point2d o sl | Point2d | | Point2d
2 Tt rsubobject [ PO g coubobject [~ T | rsubobjec
- __vptr__Point2d ] ~_yptr__Point2d J ~_vptr__Point2d
class Point3d . class Vertex . class Vertex3d
virtual Point2d virtual Point2d public Vertex,
{...}pt3d, {...}v public Point3d

{ ...} vad;

3.5a MERlkKE, FH Pointer Strategy FRF4 BN IEHB (iFF.
¥ E 3.5a 8 Vertex 54 Vertex2d, SHPEFLBR
F, BT LEEH Vertex)

WEPEBBXF T, ¥ virtual base class offset I virtual function entries & %%
E—i. FEFIEKN Sun ZRiESFH, virtual function table A2 W IE{E R AMEKE
5. RRIEME, BBRMKRAESIZ virtual functions; INERMME, MARES F
virtual base class offsets. FEXFHIHIEZ T, Point3d W operator+= & B &V
HHRBEABUTERX ChTRIES, REFHAUESR, ANROUEE LR
RHM B ARk T R ERAE)

// BHL c++ 1Y

(this + __vptr Point3d[-1])-> X +=
(¢rhs + rhs._ _vptr_ Point3d[-1])-> x;

(this + _ vptr Point3d(-1])-> y +=
(&rhs + rhs.___vptr__Pointh[—l])->_y;

z += rhs. 2z2;

121
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BEHRE C++ WNREERE (Inside The C++ Object Model)

ERELERZT, ST EM*KE members MEREIE, RELSHEE
W, A ERACLE T E X member WER” £, BT RIEHEME. Derived
class SEAEAN base class SE{R Z AR EEHadg4E, #lan.

Mg

Pointz2d *p2d = pv3d; // #FiE: FBAH vertex *pnv = pv3d; BNEE

£ BB SCHAR R T %A AL

// B Cc++ 15

Point2d *p2d = pv3d ? pv3d + pv3d-> wvptr Point3d[-1] : C;
// FE: BTN

// Vertex *pv = pv3d ? pv3d + pv3d->  vptr Point3d[-1] : 0;
// BRER (BEERAERESNAREREXREES)

LR~ EEE ML, MARE sk, §-MHBRER Fk
R “FFHL shared subobject MR (KM ESHEBREREARETETL)
Pl xByla. BT virtual base class 3247 R BAM 3E DL & 55 BE I & 2%
W, B—MLHRBEZPOH SRR, TEREE S KSR .

2l —TIEZBH class object RFR—MNAMKEH virtual base class B
member, RiXHE:

Point3d origin;

origin. X;

APy — N EHEFRRE, TR — 12 a3 REAR virtual function 1
FERAYE, T LAESFEE g il (resolved) M —#. ERXREBRURTFT -0 HE
Bz, MREFRRE RIS, BTl “virtual base class subobjects B B <48
" WiElEEXMELTRABEET.

L ¥l

—REM S, virtual base class BERK —FERAERARE: — HLH virtual
base class, ¥WH L] data members.

TR T T cumn . S G B ) L ey
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#3E Data 1IBE%¥ (The Semantics of Data)

:-;:" 2 ; ﬁQEt_E

. : E - . :j- ..- .-..'_: }j?:' 3.:-?

virtual base class |

8 e |
_vptr__Point3d - offsets  (8)|
v “'fﬂ? = _ — — beginning
g float’ x virtual function of
Point2d =, s i
subobject 3 float vy table
_Hptf;ﬁqiﬁﬁd |
e : i s — ]
class Point3d : virtual Point2d { ... } pt3d
H
Vertex™ next
8 = et -
[ =MPU_\ereX 4—— (8)
float x
F’uint?d d £ float vy
subobject —— , .
“ivptr Point2d 44—
class Vertex : virtual Point2d { ... } v;
aria Vertex™ next
i 49 = 20
subobject __vptr__Vertex + (20)
Point3d | )
subobject
_ R (12)]
float mumble | |
2 s L)
float x
Point2d | fie Zé‘l;t%:-: E.
subobject cat_y
_vptr _Point2d - -

B 3.5b Elgkx, &)
= )

class Vertex3d :

public Vertex, public Point3d

{ ... }v3d,

HREFRBIH, FURLERY Vertex)

bbs.theithome.cornl
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A

FIRER C++ MR (Jnside The C++ Object Model)

3.5 WEEEEWMK (Object Member Efficiency)

FTHEHEAME, 5EMKAES (aggregation) . #2% (encapsulation) , DA K
47K (inheritance) Br5| & WEA MATHIRERE . B QAR 2 DL 3 B a2 2 89
. B, BE (assign) FHRENFRNAASNKE. TEHXEDT AN FHIER:

float pA x = 1.7253, pA y = 0.875, paA_z 0.478;
float pB x = 0.315, pB y = 0.317, pB z = 0.838;

BNRBAATIIT—TAHR, TR (S8%, —BAGRANRIA TR
B, BREBEERBEZEN) -

for {( int i1ters = 0; iters < 10000000, iters++ )
{

pB X = pA X - pB z;

pPB_y = pA_y + pB_x;

pPB z PA z + pPB y;

FATE TE X =4 float JTUEPTH BN EHPECA #4710,

enum fussy { X, Yy, Z };

for ( int i1ters = 0; i1ters < 10000000; iters++ )

pB[ x ] = pA[l x ] - pB{ 2z 1;
pBl vy 1 = pA[ ¥y ] + pPB[ x ]
pB[ z )] = pAl 2z ] + pB[ y );

FNTMHELERIFNRATRE BN - Cstruct BHEHMARER, HPH
Jﬁﬁ%‘yg float, ﬂzﬁg?}j{% X,Y, Z:

for { int iters = 0; iters < 10000000; iters++ )
{

pB.x = pA.X - pB.z;

PB.y = pA.y + pB.x;
pB.z = pA.z + pB.y;
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5 3#E Data IBE%¥ (The Semantics of Data)

HER—-EMHZt, REMEEHERE, HEH inline RE. L aBEL—
NIMSEH Point3d class KX FE R, WEXFMAREANFRER, F—, KEX
— 4 inline PR, &[] — reference, L EHEITE assignment 158 AF B F 5

class Point3d {
public:
Point3d( float xx = 0.0, float yy = 0.0, float zz

: x{(xx ), ylyy ), z{zz ) { 1}

0.0 )

float& x () { return x; )}

floats y() { return y; }
float& z() { return z; )}

private:

float ¥, Y, Z;

— l— —

};

AR A FLIE X B — AR A 70 3 00 7 BUBRAE R %R X 4%

for { int iters 0; iters < 10000000; iters++ )

{
PB.X(}) = pA.x() - pB.z();
pB.y(} = pA.y(}) + pB.x(};
pB.z() = pA.z{() + pB.y():

BRETEXRIE _FERREIERRE, B —5F get/set HHK:

float x() { return x; ) // FE: B get B
void x( float newX ) /7 EHE: HBl set ERH

{ x = newX; }

TR XS 4 — AR E B 77 LR AE R i 8O ¥ -

PB.x{ PA.X() - pB.z{() );

x4 3.1 FIH RS ES LR S UM R. REYRM M RIERNEES
B E R, A ZIEWEDHINL.

125
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WA IRE C++ MBI (Inside The C++ Object Model)

=i 3.1 THMEHKUEEZR VEMNFBRUE

Il
=
g

struct Z¥HH public KA

class 2 A inline Get BRI
CcC
NCC

class 2 fH inline Get & Set bR ¥
0.80
0.80

cC
NCC

.80
0.80

0.80

0.80
0.80

XHFBRPNESET, MRS
I ERA. {#/5 inline FRETIRA.

L0

1.42

.42

2.56
3.10

1
2

XATFF, “HE

.74
.87

A 2k AT A

RIBFERAALE CC ZFHFREAE, JLFL NCC BFfs, THERAR

BT AEAE R AR C i, HFBRAREMEMESRY C++ k. — R

(code generation) TR KX MR EALBREN "—FHFITEE

HFAX . WFREN, HERXEERLE,

P

FHELPRE. YR “FREHEOTE B, WREEFRNE! RIFITEA B

BARRBNME, BEERET —TX4.

- KA R SR E

------ 5% F N 4¥
HELE RBRRE

ETHK assembly ESHWEBHEP, Ls XnamEk (load) —THEER R

¥, s.s. BREF (store) —THBFER A, subs XM AB5EE CEHHE
%. TARPHMEBIFRHEN assembly ESHWHEER, SNHEMBPNME, BH -

MEEH -1, RERFEHEGR. ERREEN CC FmiFHT,

F-1TREER

o ZB R T O G — N R ERLZ P (addu RARFTIENSHME) -
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% 3FE Data iIEEY¥ (The Semantics of Data)

// CC assembler output
# 13 pBl x 1 = pAl x ] - pB[ z ]
addu $25, Ssp, 20
l.s $f4, 0($25)
addu $24, Ssp, 8
l.s S$f6, 8(S$24)
sub.s $f8, $f4, Sf6
S.s S£8, 0($24)

M7E NCC #mi¥asfJ assembly HHiH, mE (load) LB HEITE R .

// NCC assembler output
# 13 pB[ x ] = pA[ x| - pB[ z ];
l.s Sf4, 20(Ssp)
l.s $f6, 16(S$sp)
sub.s $f8, $f4, $f6
s.s $f8, 8($sp)

IR BWAAMZ K, CC RBRIFLLBAMER. RTX T8 — 77 B
tF, WERBIRE - EFESTRAB I T RARN LA . R — Fh
ey, REEMATTRITH, MEBHESESHER, £EP, BAANFEER
b LA G748 9 T BUE R 017

T — 140 MRBHEMATF LTI, RBEEHFN - PN R RE
R, ANEFREEBESEZELZIEN “—FTRE - 5 TmPsg
R™WEILEMR . FERITE “BFERIBETAEARE" DNEERFNIEST 8,
VR DL e SE RO, AR BEHIE 5 HiRHIw.

ET—&M&H,ﬁ%%%ﬁ%me%%kaAEEH_%ﬁﬁﬁ%,
RIEHENE Point MIRHH —MERBAE LS. REMNZEEEHA inline F
R (ZEHYRHFARERTINMEY, FURRERFT) . SRR MR ERE
-

class Pointld { ... }; // P x
class Point2d : public Pointld { ... }: // HBIPy
class Point3d : public Point2d { ... }; /) B 2

127
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FEBE CH+ XRBE (Inside The C++ Object Model)

"B A" BN Pointld PERIIRAEY Point2d: “SZEHIMAET
T XM Point2d FEEHIIRE T Point3d. T 3.2 THASIFRE ML L.

"M 3.2 EHERERZ THRIEHFER

______________ Sl Y Wl
B &
HETFH 0.80
#f inline BW¥
ole 0.80
NCC 0.80
IR (HZF)
HEFN 1.60
i inline BB
cC 1.60
NCC 1.60
RBIUME (NE)
EEFR
cC 2.25
NCC 3.04
A inline PRA¥X
cC 2.25
NCC 2.50

R, HASFAMEESNRERAFHERRE, RASIEWES L.

1.42

2.75
3.30

3.22
3.81

H—HENZAZEZHMEKWIE, AH members HELBHETF derived
class object ¥, FB.H offset ZEAMIFH KO DT . WKL R — I, AT
3.1 PHMBHERRVNERMAR. I —FRELEHEANER TNIZEEMAE

K, EEAEHE.

LK, EREENR, WARAERAXA, DIETSRHIE, BATHBENIZHR

(T "HEFR” M “inline B PIRMEEE) . RTEEELEHR inline 7B
Big. RIMMFAXEBIAHV: BERAWRXOCEBERE, MiZEFEIRL, REXE

R IRANERIE. 5—IMREEENR, HI8E
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# 3 E Data EE¥ (The Semantics of Data)

17, BAR WM ok GF — 1 C B Hi¥F i) EHER, HEIKBukg

BB ES ARE ! AR IFFTHBEFSHANHY “MATREY data
member ptld: x” BFRREL —MEEEXNE (AMATERTHOEESF
B . NSRS ptid: x (RNZBRMMBEPH p2d:: y) FHERIERF
B#{E, BRHAE Poin3d MM E R EMFNERE ET. “BEH" F
M7 A EEAEBERFRNGT” BOEALES. BREBEEHAST R W
AR PRI PATRE .

1<%l

3.6 ?Eraj Data Members BS?EH (Pointer to Data Members)

819 datamembers B1IEST, & — A AWMMEBEEE ALK IES Y, R
MARRFBEFRFEE class members WKEMRAE. IHMBAETAULE
vptr BBAE class WEWRCRERES. B— P MHEREAT 32 ¥, JHXRFE
class Ry access secuons HHKS . ~nER G E, R - MHEMEERES BK
B E .

ZETHE Point3d HEH. HYFH — 4 virtual function, — /™ static data

member, DR =/1tr{H:

class Point3d {
public:
virtual ~Point3d():;
/7 ...
protected:
static Point3d origin;

fleat x, v, z;

| — Point3d class object HFH =/ BIRE, HKH x v, 2z, UR—4 vptr.
2 F static data member origin, ¥ IE class object Z7b. M — A HEH ST R A

129
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EEBHRE C++ XRER (Inside The C++ Object Model)

FIm AR vptr W6 & . C++ Standard FOF vptr #EACFEXT & A9 AT (o] {7 B

FERIRAL, ERMW, iR S members Z[8]. SRMSLER L, FAAmFSRAEE

vptr JNIEX R HLHER, BB EX R ESR.

B2, WRALIFRANML, KFRAAER? #HW, UTFTREFRBINE

R4

& Point3d::z; // 1¥E: FHH s 3d point::z; WM AEIR

LiRBE#HRE 2 BERT

2 x My BR/NEH,

¢ class object PHIRIEE (offset) . B{KFEE H(H

R C++ IBEFESRE — 1 access level Hf members

RO HEFIW e By 2 FL R FE BRI R A ]

PR vptr N ERMEBARS. FUEBFEBR K, EFLE vptr REKAE
RS, MRMENRHIREE. £—FF 32 bl L, 88— float & 4 bytes.
PRI ER A R EBHEEANR 8 BB 1204 32 (it~ vpur B

4 bytes) .

PRI, XAERHE TP 1 bytes. WT C Ml C+ BFERAMNS, XLV HE

ETHRFENHERT .

AR vprr MEMEKI B, W= RIFEENRE RPN offset 43 HIR 0.
4,8. AR vptr WMAEXNRBEL, W =MEIREENEA RPN offset TR 4.
8, 12. SRMIRE EHL data members BJMifE, FERIMESREL 1, BHE 1,59 &
5,9, 13 F5F. RAE N 4 Bjame HEEiX AMG?

printf ("&Point3d::x
printf("&Point3d::vy

printf("&Point3d::z

' M et A N V- WA TR | s | T ol R e S

gy
——

A —
——

——
Sl

1EE: B & Point3d .z BITEHIFATENH ¥? U TFRRTGAEY:.

$p\n", &Point3d::x);//ZR vch: 4, BCB3: 5
sp\n", &Point3d::y);//4GH vC5: 8, BCB3: 3
$p\n", &Point3d::z);//&® vCs: C, BCB3: O
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F3E Data 1BEY (The Semantics of Data)

EE, ArTILX Al

cout << "&Point3d::x = " << &Point3d::x << endl:

cout << "&Point3d::y " << &Point3d::y << endl;

" << &Point3d::z << endl:;

cout << "gPoint3d::z

TN =B/ EHIRHEE

error C2679: binary '<<' : no operator defined which takes a right-hand operand of

type ‘float Point3d::** (or there is no acceptable conversion) (new behavior; please see
help)

AR H1FERE Microsoft Visual C++ 5.0. 43745 B 3R 40 3 eh i

WM 1 R? EETEER Visual C++ M TRHEAE, HEBESAE - FHETF
empty virtual base class K itiEAHIT !

BT, I 2> — A "’ A 1A/ data member” RIFE4TFT— 35 10 “ 5
— ™ data member” BIFE4T? FEIX BRI BT

float Point3d::*pl = 0;
float Point3d::*p2 = &Point3d::x;

//¥#E: Point3d::*MIBEER. “I5 roint3d data member” FyFe4t K

// BEK: 2Nl [X 43
if ( pl == p2 ) {
cout << " pl & p2 contain the same value -- ";

cout << " they must address the same member!" << endl;

)

A T4 pl Al p2, |—1EIF K member offset (HEZSE 0L 1. Hit, Rit4
Far B B RO AOCE, EREM AZE LIS — member Z A, iE5eH 1.

AR “f5M datamembers IS4 25, BRIEH, ERE.

& Point3d::z; // ¥E: EBH & 3d point::z; N NEZ

bbs.theithome.con
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FEEBIRE C++ XRER (Inside The C++ Object Model)

WYL . R R o — = "

& origin.z

ZHWNER, MEFHEB T . ET "B — nonstatic data member KHzf, #H <
REIEE class FHY offset” , —1 "HEZTEIE class object & FH data
member’ AHHE, 2B E1Z member EHNFPKE FHAE. 8

& origin.z

FiRas R (FFE: R, §13) z WIRBE (BT origin BiEHAE) |
1 GEE: FEXOE, F18) , MBI origin BEEMA. E—THREH
KRNV iz

float*

11 A A2

float Point3d::*

HT LARERSERE — M EEEH, TR —A static data member iop: i
ak, B XM,

EZHEYEKZ T, FEWE AN (/5% )base class B4 FI—1“5 derived
class object FE"~ Z member HHEK, BBAKESEAN “FEMA offset " T
ZEMYER. #ln, BZERNE.

struct Basel { int wvall; };
struct Base?Z { int wvalZ2; };
struct Derived : Basel, Base2 { ... };

volid funcl{ int Derived::*dmp, Derived *pd )

{
[/ HEE - Z2EBENE - “f8M) derived class & member” T4t
/) MRAEHE R EH R — A “I8F) base class 2 member” H18¢t, S EFR
pd->*dmp;

void func2( Derived *pd )

{
// bmp WREN 1

int BaseZ::*bmp = &Base2::val2;
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B 3E Data 1BEES (The Semantics of Data)

// IEEXL’) bmp == ;
// BREFE Derived ¥, val2 ==
funcl( bmp, pd ):

= bmp HAE N funcl() WHE—1T2EET, ERNEBRLAE N AR Basel class
RIR/NTEARE, BN funcl) PXEEREAE.

pd->*dmp;

R FFELR] Basel:vall, TIAEREF BFTLLNRY Base2:val2. EfEYL X Aol &, 450,

// ZHGF N

funcl( bmp + sizeof( Basel ), pd ):

WG, —BME, RINIAREBRIE bmp AR 0, HEUHFIEE 2.

/] PR
// B bmp ==
funcl( bmp ? bmp + sizeof( Basel ) : 0, pd };

iFE: WEBRET —NDMMEF, fTE ERE D member B offset {8

printf ("&Basel::vall = %p \n", &Basel::vall); // (1)
printf ("&Base2::val2 = %p \n", &Base2::val2); /7 (2)
printf ("&Derived::vall = %p \n", &Derived::vall): // (3)
printf ("&Derived::val2 = %p \n", &Derived::val2): /7 (4)

21 Visual C++ 5.0 dRiFle, PATERERER 0. (DQ)QI)ER 0 2l
HFR (ChiFAaRRZ 17 ATREREN Visual C++ HRHRAHE, ME p13] &k

i mjg_/P;%(E%I%_ﬁ%) o {E_.ﬂjﬂ_é\ (4) m% 0, ﬁ‘ﬁ;ﬁ% 49 %Eﬁ&ﬁa,@é?\]
L%Mbﬁjﬂ?'ﬁ? BATEE (R Reehn 5w .

133
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REHZE C++ XNRERE ([nside The C++ Object Model)

MR Derived BIFEBHH N -

struct Derived : Rasel, BaseZ { int wvald; };

A4,

printf{"&Derived::vald = %p \n", &Derived::vald)};

¥ 153 8, F/n vald WETHIWAA vall Fl val2.

“}5[@A Members B35 ¥” B XK [0l

TH PR AR E RS - 80, LRI TH, 7F 3D LS &F class
KB FRXZ N, [FH “$8M members IS4 FAH RN . —F A 1
FHEFREELR, B MHIFRERSE - “CHEM member” {4

float *ax = &pA.X;

Rig ke LI {E (assignment) . M. EEREWOT:

*hbx = *ax - *bz;
*by = *ay + *bx;
*bz = *az + *by;

B _AFF I EE T =4 members, BUIR “$8[1 datamember Z 354" HHE

float Point3d::*ax = &Point3d::x:;

TI®ER{E (assignment) . MIEEFIEEE#1E, MEMA “¥EmE data member
e B, IBEEBERIXNR p4 Fl pB H.

pB.*bx = pA.*ax - pB.*bz;
pB.*by = pA.*ay + pB.*bx;
pB.*bz

pPA.*az + pB.*by;

alfZ, 3.5 WP R EBGFREE, FontEE 0.8 # (M4IEILFFEET) 5 1.42
B (S0 AET) o MEBRITEIWAMIE, &35 TRIE 3.3 P,

L
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3 E Data & &2 (The Semantics of Data)

F%# 3.3 7FH Nonstatic Data Member

Eiﬁﬁﬂl (Lﬁﬁv%a 5 ﬁ’i) 0.80 1.42

FErIEM O ER Member 0.80 3.04

F55t$8 M Data Member
CC 0.80 5. 34

NCC 4 .04 5.34

AW EREWNH. WREHR, A8 -1 “member FEEEEIE" it —
FEEE (ZHESEMNEE) , 2EBTRIEEE AR, Bl “¥m member
HIfadt ™ RAFBEAE, H—RJLF A 7IESHE . B ‘451 member (154
9% class object & L, TEBIMMIC offset W 1. FEEML, MR, ik
AP A =R BURIS MRS — B, M NCC i 8BB4, AT E -
T, FEX B, NCC HiFHH-ENBAERAELTEES ABIENERE, X7
BN E BT AR assembly 158 F MR8, XM C++ BRI
RUFTHEXRR—EHME, RERRKT CC A NCC ™4 H kit
assembly 75, WM& EL —H!

i

i

F-HMABREE WK™ XNT {8 data member MYIEET" FTHFR IR
M. EE—MFFP, MYK Point class HEFRIF N - B8 — Rk

#, B— class H—“ member:

class Point { ... }; // float x;
class Point2d : public Point { ... }; // float vy
class Point3d : public Point2d { ... }: // float z;

BN IRR=ZZ R - HEAKR, BRA-BEBIME.: Point2d EHIIF
%8 Point. R, BKIT Point::x BER, BEX— virtual base class data

member BIFFIN. fjg—01F, SEHMRE, JLPARRITHOHEE. Rk
FBERBIMMK, 6 Poin3d BHWIIRAEHE Point2d. ®i& 3.4 ZMRE R, TE.

135
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EKEERE C++ XREY (Inside The C++ Object Model)

F NCC AL BB & ML 5 — Be), REBIBEMFERRBIR T .

£ 3.4 “3451m DataMember BIIEH” AR

_______________ e TN T e DR el 3
SRR 0.80 5.34
B-gE (ZF) 0.80 5.34
BUgEAR (B2) 1.60 5.44
ERE (NZ) 2.14 5.51

HT#% AR data members £ HEFHTE class object 2, FrLIAKAN T
A—RUEASHEILEHEER. EUBERKTERNTITENTR, EFBTIHKL
RAERME. MAR? EFRA REST, §—-BRBIUSERIA - HSIERK
Bl . EWMNEERT, BRER Point.x, BIXH:

.

pB. *bx

SWHEBA:

&pB-> vbcPoint + ( bx - 1 )

T AN P 0 B H 2 )

&pB + ( bx - 1 )

BN EE SRR "ERANLERRBIZERPHIT OIRILED.
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% 4 E  Function E &% (The Semantics of Function)

Function 3825

(The Semantics of Function )

MRRTT -4 Pointde W14 TS,

Point3d ob":
Point3d *ptr = &obj:

2 FR XA

obj.normalize () ;
ptr->normalize();

IT
I

B, SxE42ER? H

Q) Point3d::normalize() € XINTF :

Point3d
Point3d::normalize{) const

{

register float mag = magnitude();:
Point 3d normal;

|

normal. x = x/mag;

_y/mag;

normal. vy

T N - Y I T S g ey T P LA Ve e i —— e mmiam
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RKEBRER C+H+ BRI (Inside The C++ Object Model)

normal. z = z/mag;

return normal;

MEAW Point3d: :magnitude() XENXINTF:

float
Point3d: :magnitude () const

{
return sqrt({ x * X + y * y + 2z * z);

} — — — — _

BRE: HAFGE! C++ XF=MERN member functions: static. nonstatic
M ovirtual, F—FMABF ARV TELHRA. HAZFREFRT-HHEE. =~
i, INTBRARGEGTE normalize() F magnitudet) ViR B F X virtual &
nonvirtual, (BAf LA# & — AR static, EFEEZ: (1) BHEER nonstatic %
#: (2) E#EHN const. &1, static member functions /S A] BEAL B3 7 2 .

Fl
Ty

4.1 Member NZEZIMPIFAB S I

| i s, JRAGH “C with Classes” H 37 3% nonstatic member functions (1%
& [STROUPS2], HHH CIESHHE—-TATFUHE) . Virtual BERLE 20 4
80 £ M RE, HABERZIFEBHRE (FELREELSE C BTN
SRETE) . ¥E [STROUP94] L #kF, Bjarne EiH.

E—MEANMS, IAA virtual functions R AT 2 —FEE B AR #IE 4, 3¢
=

2R FTERME, virtual functions B—H8 G MEEMAER.

Static member functions &5 # 5| AR —FMEELER. &1 1987 EK
Usenix C++ WFiY<8) BB JE (Implementor's Workshop) = IE 238 100 A
C++9, FHH cfront2.0 LB H k.

et R ST A i~ - — 1 R - . - o - = e g =
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43  Function 15E % (The Semantics of Function )

Nonstatic Member Functions (FE&EE5A0 MBI EN)

C++ i1+ #EN 72 — ¥ & : nonstatic member function & /D420 F] — B% &Y

nonmember function A AHEAIRCE . WAL EH, WRFRMNEELLTHRA BE 1]
VEIE+#

float magnitude3d( const Point3d * this )} { ..}
float Point3d: :magnitude3d() const { ... }

AB-41%EEE member function AW iZwr KATAFANAE. X BE R IFER N EC MK
“member PRELCAR” I ANTER “nonmember ERESZEK” .

BNEF, THRZE magnitude() B)— nonmember F X :

float magnitude3d( const Point3d * this ) ({
return sqrt( this-> x * this-> x +
_this-> y * this-> y +

_this-> z * this-> z });
}

ERZ T nonmember function HEREBEREX, EEIZEMZHSHEAA

PRAL 1, T member function )2 B HEH AR A . SR SEFRE_E member function
% 1L A nonmember HIE,. THIEEFH L IEE,

|
b

1. ERHK signature (IFF: BEFRBEER) UEZE—- 1040385
member function ¥, FLL3E {i#

— NMEFEMEIE, ff class object 78111
ZERE . ZBINS RN this 185

// non-const nonstatic member ZMKiIFE
Point3d

Point3d: :magnitude( Point3d *const this )

NS member function & const, A AL .

// const nonstatic member Z¥ 9Ki11FE
Point3d

Point3d: :magnitude({ const Point3d *const this )

141
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B

FERE C++ XTREE] (Inside The C++ Object Model)

i

2. BH—1 “% nonstatic data member B F B EIE" XA

B

return sqrt(
this-> x * this-> x +
this-> y * this-> y +
this-> z * this-> z };

this T8 ¥ %k

3. % member function EHE R — MW B EH. T EH L FK it 7
“mangling” A48, FEERFPR A — T ZHIEIL:

extern magnitude 7Point3dFv/{
register Point3d *const this )

HMEX T RO EWERIE T, 1M

11

obj.magnitude () ;

AT :

-}l_.F_-A\
R Iﬂ)

magnitude 7Point3dFv{ &obj );

ptr->magnitude () ;

ARRLT

magnitude 7Point3dFv{ ptr };

A — B

R ] normalize() MBI THE

I,

-

 H

P RRE %

1%%*ttﬂi$dﬁiﬁ$§§tu E:E%:

B BH — 1~ Point3d copy constructor, T named returned value (NRV) #L1k8

C 17
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42 Function IBE¥ (The Semantics of Function)

—~PTHBERROMEREEE

ERBWHRA U T (RF—KBE Point3d () copy constructor TR

// LR “named return value ¥~ HHAEE1L

// R c++ ChES

vold

normalize 7Point3dFv{ register const Point3d *const this,

register fleoat mag =

Point3d & result)

// default constructor
__result.Point3d::Point3d{();

___result. x
__result. y
__result. z

return;

Point3d

this-> x/mag;
this-> y/mag:
this->_ z/mag;

Point3d: :normalize () const

{

this->magnitude();

2 “normal” {8, BXFE:

register float mag = magnitude();
return Point3d{ x/mag, _y/mag, z/mag );

BHEE T, T NRV B0 EEH)

/7 BA R R EREE 4L

// R c+ OHE8

volid

normalize_ 7Point3dFv( register const Point3d *const this,

Point3d & result)

register float mag = this->magnitude();

// __result

4

JLARACGREE (return value)
__result.Point3d::Point3d(

this->_ x/mag, this->_y/mag, this-> z/mag );

return;
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HEHE Cr+ XREA (Inside The C++ Object Model)

XA DA default constructor #IIGLE<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>